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4 60G Vwuxfwxuhv dqg Rshudwlrqv 6

414 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
415 Wkuhh glphqvlrqdo julgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

41514 Lqwhusodqh glvwdqfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
41515 Iluvw qhljkeruv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

416 Hohphqwdu| hgjhv/ idfhv/ dqg sro|khgud 1 1 1 1 1 1 1 1 1 1 1 1 8
41614 Fxelf julg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
41615 ff julg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
41616 iff julg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
41617 Frpsdulvrq ri wkh julgv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :

417 Gluhfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;
41714 Htxlglvwulexwhg gluhfwlrqv lq R� dqg lq Z� 1 1 1 1 1 1 1 <
41715 Gljlwdo iff julgv/ yluwxdo vwdjjhulqj 1 1 1 1 1 1 1 1 1 1 1 43

418 Vsdfh judskv dqg phdvxuhphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 43
41814 Uhplqghu rq wkh jhqxv ri d vxuidfh 1 1 1 1 1 1 1 1 1 1 1 44
41815 Hxohu0Srlqfdu�h qxpehu dqg vsdfh judskv 1 1 1 1 1 1 1 45
41816 Plqnrzvnl phdvxuhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
41817 Rwkhu phdvxuhphqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
41818 Pruskrorjlfdo pdsslqjv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49

41819 Zdwhuvkhgv dqg vhjphqwdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
4181: Vnhohwrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;

5 60G Jhrghv| dqg Vhjphqwdwlrq 56

514 Jhrghv| dqg wkuhh0glphqvlrqdo ylvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 56
51414 4vw lvvxh = wkh nlgqh| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 57
51415 5qg lvvxh = wkh vklqerqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58

515 Phwkrg = zdyhiurqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
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FRQWHQWV 5

51514 Zdyhiurqwv dqg wuhh gldjudpv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
51515 Wkh xowlpdwh hohphqwv ri wkh zdyhiurqwv 1 1 1 1 1 1 1 1 5;
51516 60G Gljlwdo zdyhiurqwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

516 Xvh ri wkh wuhh gldjudp iru hpeu|rqlf nlgqh|v 1 1 1 1 1 1 1 1 1 63
51614 Elqdul}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
51615 jhrghvlf glvwdqfh ixqfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
51616 H{wuhplwlhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65
51617 Eudqfklqjv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65
51618 Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67

517 Vkdiw ri fklfnhq hpeu|r vklqerqhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
51714 Sxusrvh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
51715 Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
51716 Uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68

518 Gljlwdo Jhrghvlf Phwulfv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
519 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74
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Lq lpdjh surfhvvlqj/ 60G wuhdwphqwv dsshduhg gxulqj wkh ;3*v iru erwk dqdo0
|vlv dqg v|qwkhvlv sxusrvhv1 Lq wkh suhvhqw sdshu/ zh frqfhqwudwh rq dqdo|vlv
ri lpdjhv/ ru pruh suhflvho|/ ri vwdfnv ri elqdu| lpdjhv1 Wkhvh slohv ri vhf0
wlrqv duh qrzdgd|v fxuuhqwo| surgxfhg pdfurvfrslfdoo| +h1j1 QPU,/ ru dw
plfurvfrslfdo vfdohv +h1j1 frqirfdo plfurvfrshv,1 Wkh| surgxfh h{shulphqwdo
gdwd rq 60G udvwhuv zklfk whqg wr eh fxelf1 Grzqvwuhdp/ wkhvh frpsxwhu0
l}hg gdwd duh elqdul}hg e| vrph whfkqltxhv zh zloo qrw frqvlghu khuh1 Wkhvh
elqdu| gdwd frqvwlwxwh/ e| gh�qlwlrq/ vhwv lq Z�/ dv zhoo dv hvwlpdwlrqv ri vhwv
ri R�1 Krz wr dffhvv wkhpB Krz wr h{whqg wr wkh 60G vsdfh wkh xvxdo 50G
qrwlrqv ri vl}hv/ gluhfwlrqv/ glvwdqfhv/ frqqhfwlylw|/ krprwrs|/ hwf1 B Wklv
lv zkdw zh zrxog olnh wr ghyhors khuhdiwhu1 Zkdw iroorzv lv edvlfdoo| d wx0
wruldo > krzhyhu wkh vsdfh judsk dssurdfk iru krprwrs| dqg ghfrpsrvlwlrq
ri fxeh0rfwdkhgud duh qhz uhvxowv +dv idu dv L nqrz,1 D vxuyh| ri olwhud0
wxuh vkrzv wkdw lq 6G pruskrorj|/ wkh wzr sodfhv wkdw kdyh ehhq surgxflqj
wkh prvw vxevwdqwldo vhulhv ri uhvxowv/ dqg iru d orqj wlph/ duh wkh sdwwhuq
uhfrjqlwlrq vhfwlrq/ dw Ghoiw Xqlyhuvlw| ri Whfkqrorj| +vhh lq sduwlfxodu S1Z1
Yhuehhn ^68`/ M1F1 Pxoolnlq ^55`/ Mrqnhu ^4:`, dqg wkh Fhqwuh gh Pruskrorjlh
Pdwk�hpdwltxh/ dw wkh Hfroh ghv Plqhv gh Sdulv +vhh lq sduwlfxodu Vhuud ^59`/
Ph|hu ^54` ^45`/ Judwlq ^46`/ Jhvehuw hw do1^44`,1

6



FKDSWHU 41 60G VWUXFWXUHV DQG RSHUDWLRQV 7

��2 A�hii _�4i?t�L?@* }h�_t

E| julg/ zh gr qrw rqo| phdq d uhjxodu glvwulexwlrq ri srlqwv lq wkh wkh 60G
vsdfh/ exw dovr d gh�qlwlrq ri wkh hohphqwdu| hgjhv/ idfhv/ dqg sro|khgud
dvvrfldwhg zlwk wkhvh srlqwv1 Wkh wkuhh fu|vwdoorjudsklf julgv zh �qg ehorz
ghulyh iurp wkh fxeh/ dqg duh frqvwuxfwhg dv iroorzv

l2 fxelf julg/ zklfk lv jhqhudwhg e| wudqvodwlrqv ri d xqlw fxeh pdgh ri
; yhuwlfhv >

ll2 wkh fhqwuhg fxelf julg +ff julg, zkhuh wkh fhqwuhv ri wkh fxehv duh
dgghg wr wkh yhuwlfhv ri wkh suhylrxv julg >

lll2 wkh idfh0fhqwuhg fxelf julg +iff julg, zkhuh wkh fhqwuhv ri wkh idfhv
duh dgghg wr wkh yhuwlfhv ri wkh fxelf julg1

D frpsuhkhqvlyh frpsdulvrq ri wkhvh julgv fdq eh irxqg lq I1 Ph|hu*v
vwxg| ^54`1

��2�� W?|ihT*@?i _�t|@?Uit

Lq wkh odvw wzr julgv/ wkh yhuwlfhv jhqhudwh vtxduh julgv lq wkh krul}rqwdo
sodqhv/ dqg lq yhuwlfdo surmhfwlrq wkh yhuwlfhv ri sodqh Qr q rffxs| wkh fhq0
wuhv ri wkh vtxduhv lq sodqh Qr q�41 Zh vkdoo vd| wkdw wkhvh krul}rqwdo sodqh
duh vwdjjhuhg1 Li d vwdqgv iru wkh vsdflqj ehwzhhq yr{hov lq wkh krul}rqwdo
sodqhv/ wkhq wkh lqwhusodqh yhuwlfdo vsdflqj lv htxdo wr d@5 lq wkh ff fdvh/
dqg wr d

s
5@5 lq wkh iff rqh1

��2�2 6�ht| ?i�}�MLht

Hyhu| yhuwh{ kdv

� 9 �uvw qhljkeruv lq wkh fxelf fdvh

� ; �uvw qhljkeruv lq wkh ff fdvh

� 45 �uvw qhljkeruv lq wkh iff fdvh

Jhrphwulfdoo| vshdnlqj/ zkhq srlqw { lv orfdwhg dw wkh fhqwuh ri wkh
6� 6� 6 fxeh/ lwv surmhfwlrqv

� rq wkh idfhv ri wkh fxeh surylgh wkh fxelf qhljkeruv

� rq wkh yhuwlfhv wkh ff0qhljkeruv

� dqg rq wkh hgjhv wkh iff0qhljkeruv
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Iljxuh 414= Wkh wkuhh 60G julgv wkdw ghulyh iurp wkh fxelf v|pphwu|1

Ilj1 +414, looxvwudwhv wklv srlqw1 Rqh fdq vhh/ dovr/ wkdw wkh �uvw qhljkeruv
jhqhudwh wkh vpdoohvw lvrwurslf fhqwuhg sro|khgurq ri wkh julg/ l1h1 d :0yr{ho
whwudkhgurq +fxelf fdvh, d <0yr{ho fxeh +ff0julg, d 460yr{ho fxeh0rfwdkhgurq
+iff julg,1 Ghqrwh wkhp e| wkh jhqhulf v|pero E/ dqg wkh q|� lwhudwlrq ri E
e| E?/ l1h1

E? @ E �E === �E q wlphv /

zlwk Ef @ Lghqwlw|1 Iurp wkh lpsolfdwlrq q � s , E? � ER q> s qrq
qhjdwlyh lqwhjhuv/ iurp wkh htxdolw| E?ER @ E?nR/ dqg iurp wkh v|pphwu|
ri E zh gudz +sursrvlwlrq 517 lq Vhuud ^5<`, wkdw wkh 60G udvwhu ri srlqwv
wxuqv rxw wr eh d phwulf vsdfh +lq wkuhh gl�huhqw zd|v/ dffruglqj wr wkh
julg,/ zkhuh wkh vpdoohvw lvrwurslf fhqwuhg sro|khgurq lv wkh xqlw edoo1

��� ,*i4i?|@h) i_}itc u@Uitc @?_ TL*)�i_h@

Lq rughu wr frpsohwh wkh gh�qlwlrq ri wkh julgv/ zh zloo lqwurgxfh qrz ho0
hphqwdu| hgjhv/ idfhv dqg sro|khgud1 Hgjhv duh qhfhvvdu| wr gh�qh sdwkv/
khqfh frqqhfwlylw|1 Idfhv dqg sro|khgud duh uhtxluhg wr lqwurgxfh qrwlrqv
vxfk dv Hxohu0Srlqfduh qxpehu iru h{dpsoh/ ru pruh jhqhudoo|/ wr lqwurgxfh
wkh judsk dssurdfk1

����� ��M�U }h�_

Dv hohphqwdu| hgjhv/ wkh ehvw fdqglgdwhv duh reylrxvo| wkh forvhvw qhljkeruv
+lq wkh Hxfolghdq vhqvh,/ l1h1 wkrvh ri �j1 +414,1 Krzhyhu/ wkh| duh qrw vr



FKDSWHU 41 60G VWUXFWXUHV DQG RSHUDWLRQV 9

qxphurxv/ lq wkh fxelf dqg lq wkh ff fdvh/ lq sduwlfxodu/ zklfk ohdgv wr srru
frqqhfwlrqv1 Iru h{dpsoh/ lq wkh fxelf julg/ wkh h{wuhplwlhv ri wkh ydulrxv
gldjrqdov duh qrw frqqhfwhg/ zh phhw khuh d flufxpvwdqfh vlplodu wr wkdw
zklfk ohg wr wkh ; dqg 70frqqhfwlylwlhv lq wkh 50G julg1 Iru wkh vdph uhdvrq/
wkh dxwkruv zkr irfxvhg rq wkh fxelf julg/ vxfk dv D1 Urvhqihog ^4<`/ dw wkh
ehjlqqlqj ri wkh ;3*v/ lqwurgxfhg wkh 590 dqg wkh 90frqqhfwlylw| rq wkh fxelf
julg1 Zkhq wkh iruhjurxqg [ lv 590frqqhfwhg/ wkhq wkh edfnjurxqg [S lv
90frqqhfwhg dqg ylfh0yhuvd1 Lq rwkhu zrugv/ d yr{ho { 5 [ dgplwv/ dv hgjh
sduwqhuv/ doo wkrvh yr{hov | 5 [ wkdw shuwdlq wr wkh fxeh F = 6�6�6 fhqwuhg
dw {1 Frplqj edfn wr �j1+414e,/ zh qrz kdyh wr wdnh lqwr dffrxqw qrw rqo|
wkh fhqwuhv ri wkh fxeh idfhv/ exw dovr wkh 45 plggoh srlqwv ri lwv hgjhv/ dqg
lwv ; yhuwlfhv1 Vxfk dq h{whqvlrq ri wkh frqqhfwlylw| iru [ lv srvvleoh rqo|
zkhq wkh frqqhfwlylw| rq [S uhpdlqv uhvwulfwhg wr wkh vl{ forvhvw qhljkeruv1
Li qrw/ zh vkrxog uxq wkh ulvn ri ryhu furvvlqjv ri gldjrqdov ri 4�v dqg ri 3�v/
vr wkh idfhv vkrxog eh xqgh�qhg1Wklv glvv|pphwulfdo frqqhfwlylw| eulqjv
lqwr sod| d vhfrqg gljlwdo phwulf/ zkhuh fxeh 6 � 6 � 6 lv wkh xqlw edoo1 Lq
sduwlfxodu/ wkh erxqgdu| ri vhw [S lv

�[S @ [S q[S �F

zkhuhdv wkh erxqgdu| ri vhw [ lv gh�qhg yld wkh xqlw whwudkhgud W =

�[ @ [q[ � F

Zh gudz iurp wklv odvw htxdwlrq wkdw �[�W @ >/ dqg iurp wkh suhylrxv
rqh wkdw �[S � F @ >1 Wkh erxqgdu| ri [ lv wklqqhu/ exw lw pd| frpsulvh
}rqhv ri d wklfnqhvv 5/ dqg ri frxuvh olqhv ru �qh wxehv1

Qrwh dovr wkdw/ xqolnh whwudkhgurq W / fxeh F dgplwv d Vwhlqhu ghfrp0
srvlwlrq lqwr wkuhh ruwkrjrqdo vhjphqwv ri wkuhh yr{hov ohqjwk hdfk1 Frq0
vhtxhqwo|/ wkh glodwlrq [ � qF lv rewdlqhg dv wkh surgxfw ri wkuhh olqhdu
glodwlrqv ri vl}h 5q lq wkh wkuhh gluhfwlrqv ri wkh julg1

����2 UU }h�_

Wkh ff julg fdoo yhu| vlplodu frpphqwv/ exw qrz zlwk vwdjjhuhg krul}rqwdo
sodqhv1 Wkh orz qxpehu ri wkh �uvw qhljkeruv +l1h1 ;, ri hdfk yr{ho vxjjhvwv
wr dgg wkh vhfrqg qhljkeruv/ lq qxpehu ri vl{ +vhh �j1414,1 Wklv uhvxowv lq wkh
xqlw ukrpergrghfdkhgurq U vkrzq lq �j1+415,/ zklfk h{klelwv 48 yhuwlfhv
+lqfoxglqj wkh fhqwuh,/ 45 ukrpe idfhv/ lghqwlfdo xs wr d urwdwlrq/ dqg 57
hgjhv zkrvh frpprq ohqjwk lv wkh �uvw qhljkeru glvwdqfh1



FKDSWHU 41 60G VWUXFWXUHV DQG RSHUDWLRQV :

Mxvw dv suhylrxvo|/ zlwk wkh fxelf julg/ wkh dgmxqfwlrq ri 5qg qhljk0
eruv frpsolfdwh wkh vlwxdwlrq/ iru wkh| fdqqrw eh dgghg vlpxowdqhrxvo| wr
wkh 4�v dqg 3�v1 Wklv uhvxowv lq d 470frqqhfwlylw| iru wkh judlqv yhuvxv d
;0frqqhfwlylw| iru wkh sruhv1 E| frpsdulvrq zlwk wkh fxelf fdvh/ wkh frq0
qhfwlylw| frqwudvw ehwzhhq iruhjurxqg dqg edfnjurxqg lv uhgxfhg/ exw lw
uhpdlqv1

Djdlq/ dv suhylrxvo|/ d qhz phwulf lv surylghg/ qdpho| wkdw ri wkh ukrp0
ergrghfdkhgurq1 Lq wklv phwulf/ wkh lvrwurslf glodwlrqv fdq eh ghfrpsrvhg
lqwr vhjphqw glodwlrqv/ vlqfh U dgplwv d Vwhlqhu ghfrpsrvlwlrq lqwr wkh irxu
gldjrqdov ri wkh fxeh +5> 5> 5,/ l1h1

U @
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= 3
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3 =
= 4
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�
�
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3 =

�
�
�

= 3
�4 =

�
+414,

zkhuh 04/ 3/ 4 lqglfdwh wkh ohyho ri wkh sodqh/ dqg zkhuh wkh ruljlq lv dozd|v
dvvljqhg wr wkh srlqw ri sodqh 3 ^43`1

����� uUU }h�_

Zlwk wkh iff julg/ wklqjv ehfrph vlpsohu ^9`^;`1 Zh vwloo duh lq d julg zkhuh
wkh rgg krul}rqwdo sodqhv kdyh ehhq vkliwhg e| +d@5> d@5> 3, iurp wkh fxelf
vsdflqj/ exw qrz hdfk yr{ho { dgplwv 47 qhduhvw qhljkeruv/ dw d glvwdqfh
d
s
5@51 Wkh| irup wkh xqlw fxeh0rfwdkhgurq G/ ri �jxuh +415,/ fhqwuhg dw

srlqw {1 Jhrphwulfdoo| vshdnlqj/ vxfk d kljk qxpehu ri �uvw qhljkeruv phdqv
wkdw wkh vkdsh ri G lv d ehwwhu dssur{lpdwlrq ri wkh Hxfolghdq vskhuh/ wkdq
wkrvh ri wkh fxeh F dqg wkh ukrpergrghfdkhgurq U1

Dv idu dv frqqhfwlrqv duh frqfhuqhg/ lw ehfrphv fxpehuvrph wr uhvruw wr
5qg qhljkeruv1 Wkhuhiruh wkhuh qr orqjhu lv d ulvn ri gldjrqdo ryhufurvvlqj1
Wkh h{lvwhqfh ri dq hgjh qr orqjhu ghshqgv rq wkh skdvh xqghu vwxg| exw
h{foxvlyho| rq wkh lqwhuvhfwlrq ehwzhhq julg dqg vhwv= wzr qhljkeruv 4�v
gh�qh dq hgjh lq vhw [/ wzr qhljkeruv 3�v dq hgjh lq vhw [S1

Ilqdoo| [ dqg[S duh wuhdwhg e| wkh vdph edoov G?/ exw wkh odwwhu fdqqrw
eh ghfrpsrvhg lqwr Plqnrzvnl vxp ri vhjphqwv/ xqolnh F dqg U1

����e �L4T@h�tL? Lu |�i }h�_t

Dv d frqfoxvlrq/ wkuhh uhdvrqv dujxh lq idyru ri wkh iff julg/ qdpho|
42 wkh vkdsh ri wkh fxeh0rfwdkhgurq G surylghv d ehwwhu dssur{lpdwlrq

ri wkh xqlw Hxfolghdq vskhuh/ wkdq F ru U +lvrwurslf glodwlrqv/ vnhohwrqv/
glvwdqfh ixqfwlrqv/ hwf1 zloo vhhp pruh %Hxfolghdq%, >



FKDSWHU 41 60G VWUXFWXUHV DQG RSHUDWLRQV ;

Iljxuh 415= d,= Wkh ukrper0grghfdkhgurq> e,= Wkh fxeh0rfwkhgurq> f, Wkh
whwudndl0ghfdkhgurq1

52 G lv pruh frqghqvhg = 46 srlqwv rq 6 frqvhfxwlyh sodqhv +G, duh
pruh hfrqrplf wkdq 48 srlqwv rq 8 sodqhv +U,/ ru 5: rq 6 sodqhv1 G ohdgv wr
wklqqhu erxqgdulhv/ wr �qhu xowlpdwh hurvlrqv/ hwf1 dqg uhtxluhv ohvv orjlfdo
whvwv lq lwv lpsohphqwdwlrq1

62 Lq wkh iff julg/ wkh frqqhfwlylw| lv edvhg rq wkh �uvw qhljkeruv rqo|/
zklfk doorzv d frpprq dssurdfk iru judlqv dqg iru sruhv +lq fxelf julg/
zkhq rqh ghflghv wr dwwulexwh d sulrul pruh wkdq irxu srvvleoh qhljkeruv wr
wkh 4�v wkdq wr wkh 3�v/ d udwkhu vhyhuh dvvxpswlrq lv pdgh/ zklfk krogv/
sdudgr{lfdoo|/ rq wkh frqyh{lw| ri wkh sruhv1 Prvw riwhq/ erwk judlqv dqg
sruhv h{klelw frqfdyh dqg frqyh{ sruwlrqv/ dqg wkh 59290frqqhfwlylw| dv0
vxpswlrq lv mxvw luuhohydqw,1

Idflqj wkhvh dgydqwdjhv/ wkh zhdnqhvv ri wkh iff julg lv wkh vwdjjhuhg
rujdql}dwlrq ri lwv vxffhvvlyh krul}rqwdo sodqhv1 Krzhyhu/ lv lw uhdoo| d gudz0
edfn B Wklv lv wkh txhvwlrq zh zloo h{dplqh qrz1

��e #�hiU|�L?t

Lq wklv vhfwlrq/ zh dqdo|vh krz wkh gluhfwlrqv/ khqfh wkh vkdshv/ duh prgl�hg
zkhq hpehgglqj wkh gljlwdo 60G julgv lqwr wkh Hxfolghdq vsdfh1 Iluvw ri doo
d eulhi +dqg odvw, uhplqghu rq rxu wkuhh sro|khgud lv surylghg1
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��e�� ,^��_�t|h�M�|i_ _�hiU|�L?t �? R� @?_ �? Z�

LqR2/ zh fdq vxeglylgh wkh xqlw glvf lq dv pdq| htxdo dufv dv zh zdqw1 LqR�/
xqiruwxqdwho|/ vxfk qlfh vlpsolflw| ydqlvkhv = jlyhq dq duelwudu| lqwhjhu q/
rqh fdqqrw �qg lq jhqhudo q htxlglvwulexwhg gluhfwlrqv rq wkh xqlw vskhuh/ l1h1
rqh fdqqrw sduwlwlrq wklv vskhuh lqwr q vrolg dqjohv zklfk zrxog ghulyh iurp
rqh dqrwkhu e| urwdwlrqv +d txhvwlrq uhodwhg wr wkh idprxv �yh Sodwrqldq
sro|khgud,1 Lqghhg/ wkh 60G vsdfh pd| eh sduwlwlrqhg rqo| lqwr 5/ 7/ 9/ ;/
45 dqg 53 htxdo vrolg dqjohv1 Wkh �uvw wzr sduwlwlrqv duh wrr srru dqg wkh
odvw rqh kdugo| uhdfkdeoh e| vpdoo gljlwdo sro|khgud1 Wkh sduwlwlrqv lqwr 9/
; dqg 45 dqjohv duh wkrvh vhhq iurp wkh fhqwuh ri d fxeh/ dq rfwdkhgurq dqg
d ukrpergrghfdkhgurq uhvshfwlyho|/ zkrvh idfhv duh zlqgrzv1

D vhfrqg dqg ohvv nqrzq uhvxow lv wkh iroorzlqj1 Wkh d{hv ri wkhvh 9/ ;
dqg 45 vrolg dqjohv frlqflgh zlwk wkh yhfwruv iurp d yr{ho wr lwv 9/ ; dqg 45
�uvw qhljkeruv lq wkh fxelf/ ff dqg iff julgv uhvshfwlyho|

Wkhvh uhvxowv gluhfwo| h{whqg wr gljlwdo julgv1 Iru h{dpsoh/ lq wkh fxelf
julg/ wkhuh duh wkuhh vhwv ri htxl0dqjxodu gluhfwlrqv/ qdpho|

l2 wkh wkuhh edvlf gluhfwlrqv ri wkh julg >
ll2 wkh irxu gluhfwlrqv lqyroyhg lq ht1 4/ zklfk duh dovr wkh hgjhv gluhfwlrqv

ri wkh ukrpergrghfdkhgurq >
lll2 wkh vl{ iroorzlqj gluhfwlrqv�
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zklfk fruuhvsrqg wr wkh hgjh gluhfwlrqv ri wkh fxeh0rfwdkhgurq1
Qrwh wkdw wkh glodwlrq ri wkh �uvw wkuhh xqlw yhfwruv +l, jhqhudwh wkh xqlw

fxeh +5�5�5,/ wkdw ri wkh irxu rqhv +ll, surgxfhv wkh ukrpergrghfdkhgurq
+fi1 Ht1 414,/ dqg wkdw ri wkh vl{ yhfwruv ri +Ht1 415, wkh whwudndlghfdkh0
gurq +exw qrw wkh fxeh0rfwdkhgurq111,1 Lq dgglwlrq/ hdfk ri wkhvh wkuhh
Vwhlqhu sro|khgud jhqhudwhv e| wudqvodwlrq d sduwlwlrq ri wkh 60G vsdfh R�

ru Z�1 Wkh whwudndlghfdkhgurq +�j1 415 ,/ d vruw ri Vwhlqhu yhuvlrq ri wkh
fxeh0rfwdkhgurq/ lv xqiruwxqdwho| wrr wklfn iru gljlwdo sxusrvhv +yr{hov glv0
wulexwhg ryhu �yh vxffhvvlyh sodqhv iru wkh xqlw vl}h,1

Dv iru wkh fxeh0rfwdkhgurq lwvhoi/ li lw fdqqrw eh rewdlqhg e| glodwlqj
vhjphqwv/ lw dgplwv/ krzhyhu/ d ghfrpsrvlwlrq lqwr wkh Plqnrzvnl vxp ri
wzr whwudkhgud1 Iru h{dpsoh
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��e�2 #�}�|@* uUU }h�_tc ��h|�@* t|@}}ih�?}

Krz wr surgxfh d vwdfn ri vwdjjhuhg vtxduh julgv/ ru/ htxlydohqwo|/ krz wr
surgxfh d gljlwdo xqlw fxeh0rfwdkhgurq B Dq hdv| zd| lv wr idyru wkh gldjr0
qdo krul}rqwdo gluhfwlrqv/ dv lq Ht1 4161 Wkh vwdjjhulqj vwuxfwxuh lv fuhdwhg
dxwrpdwlfdoo|/ vlqfh hdfk ri wkh wzr gldjrqdo vxejulg dsshduv/ dowhuqdwlyho|/
lq wkh vxffhvvlyh krul}rqwdo sodqhv1 Wkh qhjdwlyh frxqwhusduw lv wkdw kdoi ri
wkh yr{hov rqo| duh wdnhq lqwr dffrxqw1 Iru h{dpsoh/ wkh glodwlrq ri Ht1
416 surgxfhv qhlwkhu wkh fhqwudo srlqwv dw ohyhov .4 dqg 04/ qru wkh plggoh
srlqwv ri wkh vlghv dw ohyho }hur1 Zh pd| dozd|v dgg wkhvh srlqwv/ lq rughu
wr frpsohwh wkh edvlf fxeh0rfwdkhgurq/ exw wkhq

l2 Zh lqfuhdvh wkh hohphqwdu| vl}h iurp 46 xs wr 4< yr{hov/ khqfh zh
ehfrph ohvv dffxudwh lq gholqhdwlqj erxqgdulhv/ xowlpdwh hurvlrqv/ vnhohwrqv/
hwf1

ll2 Zh orvh wkh dgydqwdjh ri d xqltxh w|sh ri hgjhv/ zklfk jryhuqv kr0
prwrs| dqg frqqhfwhgqhvv surshuwlhv1

lll2 Zh gr qrw nqrz zkdw wr gr zlwk wkh dprxqw ri lqirupdwlrq fduulhg
e| wkh qrq xvhg yr{hov1

Dq dowhuqdwlyh vroxwlrq vkrxog frqvlvw lq lqwhusrodwlqj rqh krul}rqwdo
julg hyhu| wzr sodqhv1 Wklv zrxog dgg d frpsxwdwlrqdo vwhs/ exw deryh doo/
lw vhhpv %�ggohg%= krz wr zhljkw wkh irxu krul}rqwdo qhljkeruv/ yhuvxv wkh
wzr yhuwlfdo rqhv B Krz wr glvsod| wkh uhvxowlqj julg B hwf1 Wkhuhiruh/ zh
sursrvh qhlwkhu wr pryh qru wr uhpryh ru hyhq prgli|/ dq| yr{ho ri wkh fxelf
lqlwldo gdwd/ dqg wr frqvlghu hdfk hyhq sodqh/ dv lw lv/ dv ehlqj vwdjjhuhg1
Dffruglqj dv wkh fhqwudo sodqh lv rgg ru hyhq/ zh wkhq rewdlq rqh ri wkh wzr
hohphqwdu| sro|khgud ri �j1 4161

Vxfk d yluwxdo vwdjjhulqj lv vlplodu wr wkdw xvhg lq Z2/ zkhq rqh jhqhudwhv
d kh{djrqdo julg iurp d vtxduh udvwhu1 Lq erwk fdvhv/ wkh luuhjxodulw| ri
wkh xqlw sro|khgurq +uhvs1 sro|jrq, lv vhoi0frpshqvdwhg e| lwhudwlrq1 Lq
rwkhu zrugv/ wkh pdsslqjv zklfk eulqj lqwr sod| vhtxhqfhv ri vxffhvvlyh
vl}hv/ vxfk dv glvwdqfh ixqfwlrqv/ phgldo d{hv/ judqxorphwulhv/ vhtxhqwldo
dowhuqdwhg �owhuv/ hwf1 duh wuhdwhg e| phdqv ri dfwxdo gljlwdo fxeh0rfwdkhgud
+uhvs1 kh{djrqv,/ +vhh �j1 418,1

��D 5T@Ui }h@T�t @?_ 4i@t�hi4i?|t

Iurp qrz rq/ zh frqvlghu vhwv ri srlqwv lq Z�/ wkdw prgho wkh yr{hov dvvr0
fldwhg zlwk sk|vlfdo remhfwv ri wkh wkuhh glphqvlrqdo vsdfh1 Vhwv duh jlyhq
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Iljxuh 416= Ghfrpsrvlwlrq ri wkh xqlw fxeh0rfwdkhgurq rq wkh fxelf julg
lq rughu wr vlpxodwh wkh vwdjjhuhg vwuxfwxuh +d= rgg fhqwudo sodqh/ e= hyhq
fhqwudo sodqh,1

fdslwdo ohwwhuv +[/ D/ E111,/ dqg srlqwv vpdoo ohwwhuv1
Rqh �qg d udwkhu lpsruwdqw olwhudwxuh rq gljlwdo vxuidfh ghvfulswlrq/

dqg fdofxoxv/ iru 60G vhwv ^4<`^56`^55`1 Li rqh kdv lq plqg wr eulgjh wkh
jds ehwzhhq gljlwdo dqg frqwlqxrxv vsdfhv/ l1h1 wr surylgh d Hxfolghdq
phdqlqj zlwk gljlwdo phdvxuhphqwv/ wkh whfkqltxhv edvhg rq gljlwdo erxqg0
du| phdvxuhphqw +l1h1 yroxph gl�huhqfh ehwzhhq glodwh dqg remhfw/ ru re0
mhfw dqg hurghg vhw, duh qrw vx�flhqw/ dqg rqh pxvw ghdo zlwk vwhuhrorj|
^7`^44`^48`^54`1 Ehorz zh iroorz wklv dssurdfk1 Pruhryhu zh duh qrw h{fox0
vlyho| lqwhuhvwhg lq vxuidfh duhd/ exw pruh jhqhudoo| lq gljlwdo hvwlpdwruv ri
%jrrg% Hxfolghdq phdvxuhphqwv1

��D�� +i4�?_ih L? |�i }i?�t Lu @ t�hu@Ui

Wkh wkhru| ri Hxfolghdq vxuidfhv lv fodvvlfdo/ dqg gdwhv edfn wr wkh ehjlqqlqj
ri wkh 53wk fhqwxu| +U1 Srlqfdu�h,1 Wkh frpphqw ehorz ghulyhv iurp ^49`/
pruh lqirupdwlrq fdq eh irxqg lq jhqhudo grfxphqwv vxfk dv Hqf|forshgld
Eulwdqqlfd1

Lq R?/ d forvhg rulhqwdeoh vxuidfh lv wrsrorjlfdoo| htxlydohqw wr d vskhuh
zlwk dq hyhq qxpehu 5s ri krohv +pdgh e| uhprylqj glvfv, zklfk kdyh
ehhq frqqhfwhg lq sdluv e| s kdqgohv +vkdshg olnh wkh vxuidfh ri kdoi ri d
grxjkqxw,1 D forvhg qrq rulhqwdeoh vxuidfh lv wrsrorjlfdoo| htxlydohqw wr d
vskhuh zklfk kdv kdg d fhuwdlq qxpehu t ri glvfv uhsodfhg e| furvv0fdsv1 Wkh
qxpehuv s dqg t duh vdlg wr eh wkh jhqxv ri wkh vxuidfh qrw ehlqj forvhg
phdqv wkdw vrph glvfv kdyh ehhq uhpryhg dqg wkh kroh ohiw rshq1 D wruxv lv
d vskhuh zlwk rqh kdqgoh > d P�relxv vwuls lv d vskhuh zlwk rqh furvv0fds dqg
rqh %kroh% > d Nohlq erwwoh lv d vskhuh zlwk wzr furvv0fdsv > d f|olqghu lv d
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vskhuh zlwk wzr %krohv%1 Lq jhqhudo/ wkh Hxohu0Srlqfdu�h qxpehu ri d vxuidfh
lv htxdo wr 5� 5s� t� u/ zkhuh s lv wkh qxpehu ri kdqgohv/ t lv wkh qxpehu
ri furvv0fdsv +}hur iru dq rulhqwdeoh vxuidfh,/ dqg u lv wkh qxpehu ri krohv
+ru erxqgdu| fxuyhv,1 Wkh Hxohu Srlqfdu�h qxpehu ri wkh xqlrq ri glvmrlqw
vxuidfhv lv wkh vxp ri hdfk ri wkhp1

��D�2 ,�*ih��L�?U@h�i ?�4Mih @?_ tT@Ui }h@T�t

Klvwrulfdoo|/ wkh Hxohu0Srlqfdu�h frqvwdqw +lq eulhi=HSF, dsshduhg lq wzr
voljkwo| gl�huhqw grpdlqv ri pdwkhpdwlfv1 Iluvwo|/ wkhuh zdv Hxohu*v uhdvrq0
lqj derxw wkh uhodwlrqv ehwzhhq wkh sro|khgurqv yhuwlfhv/ hgjhv dqg idfhv/
zklfk zdv irupdol}hg lq whupv ri sodqdu judskv e| Fdxfk|1 Wklv zd| ri
wklqnlqj ohdgv wr frxqwlqj dojrulwkpv/ zklfk duh edvhg rq wkh hohphqwdu|
hgjhv/ vtxduhv dqg wuldqjohv +lq wkh kh{djrqdo julg,1 Lw h{whqgv wr ydulrxv
fxelf/ fxeh0rfwdkhgurq dqg ukrper0grghfdkhgurq ri R�/ zlwkrxw dq| sdu0
wlfxodu wkhruhwlfdo gl�fxow|/ exw zlwk d jurzlqj khdylqhvv ri wkh hohphqwdu|
rshudwlrqv wr eh fduulhg rxw1

Wkh vhfrqg zd|/ Srlqfdu�h*v/ dqg Kdgzljhu*v odwhu rq/ olqnv wkh vxffhvvlyh
gh�qlwlrqv ri HSF wkdqnv wr dq lqgxfwlrq kroglqj rq wkh glphqvlrqv ri wkh
vsdfh ^47`1 Zkhq wudqvsrvhg wr d gljlwdo julg/ wklv dssurdfk lv olplwhg wr
fxelf +ru wr sdudoohohslshglf, julgv/ exw/ lq uhwxuq/ ohdgv wr d pxfk vlpsohu
dqg idvwhu h{suhvvlrq wkdq wkh judskv rqh1 Wkxv/ iru d erxqghg gljlwdo vhw
D/ zh kdyh =

Lq Z�/ y� +D, @ Q +yhuwlfhv,�Q +hgjhv, @ Q +�,�Q +�,

Lq Z2/ iru wkh vtxduh julg =

y2 +D, @ Q +yhuwlfhv,�Q +hgjhv, .Q +idfhv,

@ Q +�,�Q +�,�Q +m, .Q +�,

Vwloo lq Z2/ li zh djuhh rq fdoolqj Q� +D, wkh vxp ri wkh frqvwdqwv y� ri
wkh krul}rqwdo vhfwlrqv ri D/ zh fdq vhh wkdw

y2 +D, @ �� +D,� �� +D� m, >

zkhuh D� m vwdqgv iru wkh Plqnrzvnl vxevwudfwlrq ri D e| wkh xqlw yhuwlfdo
vhjphqw1
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Iljxuh 417= Hxohu0Srlqfdu�h Frqvwdqw lq R�

Lq Z�/ wklv lv wkh vdph/ dqg Hxohu*v qxpehu y� +D, gh�qhg dv

y� +D, @ Q +yhuwlfhv,�Q +hgjhv, .Q +idfhv, 0 Q +eorfnv,

lv h{suhvvhg e| wkh vdph lqfuhphqw dv ehiruh/ iru

y� +D, @ y2 +D,� y2 +D� m, +417,

zkhq y2 +D, lv wkh vxp ri Hxohu elglphqvlrqdo qxpehuv ri wkh krul}rqwdo
vhfwlrqv ri D/ dqg zkhuh � vwdqgv iru kh Plqnrzvnl vxevwudfwlrq ri D e|
wkh xqlw yhuwlfdo vhjphqw +htxdwlrq +417, fdq hdvlo| eh h{whqghg wr R? e|
uhfxuuhqfh,1 Frqvwdqw y� lv lqghshqghqw ri wkh fkrlfh ri wkh %yhuwlfdo% gl0
uhfwlrq1

Iurp dq h{shulphqwdo srlqw ri ylhz/ wkh htxdwlrq +417, lv yhu| frqyh0
qlhqw/ iru lq lpdjh surfhvvlqj v|vwhpv/ Hxohu elglphqvlrqdo frqvwdqwv duh
jhqhudoo| udslg wr jhw dqg wkh xqlw olqhdu hurvlrq ehwzhhq wzr frqvhfxwlyh
sodqhv lv d vlpsoh rshudwlrq wrr1 Lw lv wklv htxdwlrq +417, wkdw kdv ehhq
lpsohphqwhg lq wkh vklqerqh h{dpsoh ehorz1

Ilqdoo|/ uhphpehu wkdw wkh HSF ri d vlpso| frqqhfwhg remhfw +l1h1 krph0
rprusklf wr d fxeh, htxdov 4/ wkdw ri d wruxv +w|slfdoo|/ d grqxw, htxdov 3/
dqg wkdw ri vskhulfdo furzq +vxfk dv d irrwedoo, htxdov 51 Pruhryhu/ wkh
frqvwdqw y lv F0dgglwlyh/ zklfk phdqv wkdw

y +D, . y
�
D�
�
@ y

�
D^D�

�
. y

�
D_D�

�
>

dq htxdwlrq wkdw doorzv rqh wr uhgxfh frpsoh{ �jxuhv wr wkh prvw vlpsoh
rqhv1 Wkxv/ wkh HFSF ri odpsvkdgh slhufhg e| 4333 slq krohv htxdov 04333=

Wkh wrsrorjlfdo qxpehu � doorzv wr eulgjh wkh jds ehwzhhq Hxfolghdq
dqg gljlwdo vsdfhv/ vlqfh lw fdq eh htxlydohqwo| gh�qhg lq erwk prghv zkhq
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zh lqwhusuhw lw lq whupv ri judskv1 Khuh/ d frqyhqlhqw vhw prgho lv wkh fodvv
ri doo �qlwh xqlrqv ri frpsdfw frqyh{ vhwv1 Wklv fodvv/ fdoohg %wkh frqyh{ ulqj
ri R?% doorzv wr hoderudwh d wkhru| derxw phdvxuhphqwv +Kdgzljhu wkhruhp
ehorz,/ dqg rq wkh rwkhu kdqg ohqgv lwvhoi wr gljlwl}dwlrq1 Lq wklv iudphzrun/
d ghhs surshuw| ri Hxohu0Srlqfdu�h qxpehu lv vwdwhg e| wkh iroorzlqj wkhruhp
^47`1

Wkhruhp 414 +Kdgzljhu,= wkh rqo| ixqfwlrqdo gh�qhg rq wkh frqyh{ ulqj lq
R?/ ri ghjuhh }hur/ lqyduldqw xqghu glvsodfhphqwv/ F0dgglwlyh dqg frqvwdqw
iru wkh frpsdfw frqyh{ vhwv/ lv wkh Hxohu0Srlqfdu�h qxpehu �1

Qrwh wkdw xqolnh wkh qxpehu ri sduwlfohv/ qxpehu � lv d orfdo phdvxuh0
phqw = rqh qhhgv rqo| vpdoo qhljkerukrrgv durxqg ehvw srlqwv wr hvwlpdwh
lw vwdwlvwlfdoo|1

��D�� ��?!L�t!� 4i@t�hit

Hxohu0Srlqfdu�h qxpehu/ wkdw zh kdyh mxvw lqwurgxfhg lq wkh wkuhh0
glphqvlrqdo fdvhv/ lv lqghhg gh�qhg e| lqgxfwlrq lq dq| R& 1 Lq sduwlfxodu =

0 iru n @ 3/ wkh vsdfh lv uhgxfhg wr rqh srlqw dqg �f +[, @ 4 l� [ lv wklv
srlqw >

0 iru n @ 4/ �� +[, htxdov wkh qxpehu ri vhjphqwv ri [ >
0 iru n @ 5/ �2 +[, htxdov wkh qxpehu ri sduwlfohv ri [plqxv wkhlu krohv1
Frqvlghu qrz d 60G Hxfolghdq vhw [/ dqg d vxevsdfh V+{>$, ri orfdwlrq

{ dqg rulhqwdwlrq $1 Wdnh wkh furvv vhfwlrq [ _V +{> $, dqg lqwhjudwh lwv �&0
frqvwdqw ryhu wkh glvsodfhphqwv/ l1h1 lq { dqg lq $1 Dffruglqj wr Kdgzljhu*v
wkhruhp/ zh wkhq rewdlq wkh rqo| ixqfwlrqdov wr eh lqyduldqw xqghu

glvsodfhphqwv/ f0dgglwlyh/ krprjhqhrxv ri ghjuhh q�n/ dqg frqwlqxrxv
iru wkh frpsdfw frqyh{ vhwv/ qdpho| +xs wr d pxowlsolfdwlyh frqvwdqw, =

yroxph y+[, @

]
R�

�f +[ _ i{j, g{ +418,

vxuidfh duhd
4

7
v+[, @

4

7�

]
eZ
g$

]
Z/

�� ^[ _�+{>$,` g{
+419,

phdq fdolshu g+[, @
4

7�
g$

]
eZ
g$

]
n"

3"

�2 ^[ _�+{> $,` g{
+41:,



FKDSWHU 41 60G VWUXFWXUHV DQG RSHUDWLRQV 48

Dw �uvw jodqfh/ wkh qrwdwlrq vhhpv khdy| > lq idfw/ lw lv h{wuhpho| phdq0
lqjixo1 Lq Ht1+419, iru h{dpsoh/ $ lqglfdwhv d gluhfwlrq rq wkh xqlw vskhuh/
dqg �+{>$, d whvw olqh ri gluhfwlrq $ sdvvlqj wkurxjk srlqw {1 Wkh �uvw vxp
lqwhjudwhv ryhu d sodqh �/ / ruwkrjrqdo dv $/ dv wkh irrw { ri � +{>$, vsdqv
�/1 Wkh vhfrqg lqwhjudo/ lq g$ lv qrwklqj exw d urwdwlrq dyhudjlqj +vlplodu
frpphqw iru Ht +41:,,1 Wkh phdqlqj ri wkhvh uhodwlrqv lv fohduo| vwhuhrorjl0
fdo1 Iru h{dpsoh/ wkh vxuidfh duhd/ d 60G frqfhsw/ wxuqv rxw wr uhgxfh wr d
vxp ri qxpehu ri lqwhufhswv/ l1h1 d w|slfdoo| 40G qrwlrq1

Zkhq vhw [ dgplwv dw hdfk srlqw ri lwv vxuidfh d phdq fxuydwxuh F dqg
d wrwdo fxuydwxuh F �/ wkhq phdq fdolshu dqg Hxohu0Srlqfdu�h qxpehu wdnh
dqrwkhu jhrphwulf lqwhusuhwdwlrq/ vlqfh

5�g+[, @

]
Bf

F gv dqg 7���+[, @

]
Bf

F � gv

Wkh wkuhh uhodwlrqv Ht1+418, wr Ht1+41:, dwwulexwh d Hxfolghdq phdqlqj
wr gljlwdo gdwd +zh phhw djdlq wkh wxuqlqj srlqw dvshfw ri vsdfh judskv,1 E|
glvfuhwl}dwlrq/ Ht1+418, ehfrphv

yW+[, @ +Qxpehu ri yr{hov ri [,� yf

zkhuh yf @ d� +fxelf julg, ru d�*e +iff julg, ru d�*2 +ff julg,1
Vlploduo|/ Ht1+419, lv zulwwhq

vW +[, @ +dyhudjh qxpehu ri lqwhufhswv,� 5d2
s
5

zkhuh wkh dyhudjlqj lv wdnhq ryhu wkh vl{ gluhfwlrqv ri Ht1+415,/ lq wkh fxelf
julg1 Vlqfh hvwlpdwh vW +[, frqfhuqv wkh Hxfolghdq vxuidfh v+[,/ lw gl�huv
iurp wkh idfhwv duhdv ri wkh gljlwdo vhw [1 Iru h{dpsoh/ khuh/ d idfhw ri d
}hur wklfnqhvv frxqwv wzlfh1

��D�e �|�ih 4i@t�hi4i?|t

Ehlqj vwhuhrorjlfdo lv qrw dq h{foxvlyh surshuw| ri Plqnrzvnl ixqfwlrqdov1
Khuh duh wzr lqvwuxfwlyh frxqwhu h{dpsohv1

Urxjkqhvv = Dvvxph wkdw �[ dgplwv fxuydwxuhv hyhu|zkhuh/ dqg ohw I +o,
eh wkh frpelqhg fkrug glvwulexwlrq ri [ dqg [S1 Wkhq/ qhdu wkh ruljlq zh
kdyh ^5:`

I+o, @
o2

49

�
�F � . 6

]
Bf

F2gv

�



FKDSWHU 41 60G VWUXFWXUHV DQG RSHUDWLRQV 49

Iljxuh 418= h{sdqghg sro|vw|uhqh +irdp,> e, Fxeh0rfwdkhgudo glodwlrq ri
vl}h 8 ri d,> f, Fxeh0rfwdkhgudo forvlqj ri vl}h 45 ri d,1

Lq sduwlfxodu/ zkhq [ lv d sk|vlfdo uholhi/ wkh whup F� ydqlvkhv/ dqg wkh
vorsh ri wkh lqwhufhswv ghqvlw| qhdu wkh ruljlq lv sursruwlrqdo wr wkh dyhudjh
ri wkh vtxduh phdq fxuydwxuh F21 Lw zdv wdnhq dgydqwdjh ri wklv ghvfulswru
wr vwxg| urdg vxuidfhv iurp sur�ohv1

60G frqwdfwv = Frqvlghu d udqgrp sdfnlqj ri vskhuhv ri udglxv U/ dqg d
furvv vhfwlrq wkurxjk lw1 Wkh vskhuhv ehfrphv glvfv/ dqg wkh glvwulexwlrq ri
wkh vkruwhvw glvwdqfhv ehwzhhq glvfv iroorzv d odz

I+o, * 4=76; qS+oU,
�*2

zkhuh qS lv wkh qxpehu ri frqwdfwv ehwzhhq vskhuhv shu xqlw yroxph ^58`1
Wklv odz/ zklfk jryhuqv vrph prghv ri wkhuplf dqg hohfwulf shuphdelolwlhv/
kdv ehhq h{shulphqwdoo| yhul�hg ^7`1

Erwk deryh phdvxuhphqwv duh lqyduldqw xqghu glvsodfhphqw/ krprjh0
qhrxv/ frqwlqxrxv rq frqyh{ vhwv/ exw/ xqolnh Plqnrzvnl ixqfwlrqdo/ gr qrw
ixo�oo wkh f0dgglwlylw| frqglwlrq

� +[ ^[, . �
�
[ _[ �

�
@ � +[, . �

�
[ �

�
>

zklfk lv qrw hvvhqwldo khuh1

��D�D �LhT�L*L}�U@* 4@TT�?}t

Dv vrrq dv vskhuhv dqg olqhv +lq d vhw ri gluhfwlrqv, duh gljlwdoo| gh�qhg/ lw
ehfrphv hdv| wr lpsohphqw olqhdu dqg lvrwurslf glodwlrqv dqg hurvlrqv1
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Vwduwlqj/ iru h{dpsoh/ iurp wkh yr{hov ri d fxelf julg/ rqh hdvlo| exlogv
olqhdu vwuxfwxulqj hohphqwv zlwk htxlglvwulexwhg gluhfwlrqv = lw vx�fhv wr
wdnh wkhlu frpprq ruljlq dw wkh fhqwuh ri d fxeh dqg wkh h{wuhplwlhv dw wkh
plggohv ri wkh idfhv +9 gluhfwlrqv,/ ru rq wkh yhuwlfhv +; gluhfwlrqv,/ ru dw
wkh plggohv ri wkh hgjhv +45 gluhfwlrqv,1

Dsduw iurp olqhdu vwuxfwxulqj hohphqwv/ wkh prvw frpprqo| xvhg duh wkh
vskhulfdo rqhv1 Wklv lpsolhv wkh gdwxp ri d phwulf1 Ehwzhhq wkh fxelf rqh/
zklfk lv frduvh dqg dqlvrwurslf/ dqg wkh gljlwdo vlpxodwlrq ri wkh Hxfolghdq
glvwdqfh/ zklfk lv wkh prvw hohjdqw vroxwlrq/ exw zkrvh lpsohphqwdwlrq lv
uhodwlyho| frpsoh{/ zh fkrrvh khuh wkh fxeh0rfwdkhgulf phwulf/ iru wkh uhd0
vrqv zklfk kdyh ehhq glvfxvvhg deryh +wkh uhdghuv lqwhuhvwhg e| wkh gljlwdo
dssur{lpdwlrqv ri wkh Hxfolghdq glvwdqfh pd| frqvxow S1H1 Gdqlhovvrq ^<`/
zkr sursrvhv d vhtxhqwldo dojrulwkp/ S1 Vrlooh ^65`/ zkr jlyhv dq lpsohphq0
wdwlrq xvlqj txhxhv ri yr{hov/ ru Fk1 Judwlq dqg I1 Ph|hu ^45`/ zkr xvh
klhudufklfdo txhxhv/ vhh dovr ^9` dqg ^57`,1

Doo xvxdo lvrwurslf 60G glodwlrqv/ hurvlrqv dqg �owhuv ghulyh iurp vxsuhpd
dqg lq�pd wdnhq ryhu wkh xqlw fxeh rfwdkhgurq +dv ghvfulehg lq �j1+416,/
dqg iurp wkhlu lwhudwlrqv1 Wkh h{dpsoh suhvhqwhg lq �j1+418, looxvwudwhv wklv
srlqw/ e| vkrzlqj fxeh0rfwdkhgudo glodwlrq dqg forvlqj ri irdp sodvwlf1Wzr
rwkhu ylhzv ri lqlwldo sro|vw|uhqh +d, duh vkrzq lq �j1+419,1

Wkh 60G uhfrqvwuxfwlrqv/ elqdu| dqg qxphulfdo rqhv/ duh fduulhg rxw
lq wkh vdph zd|/ dqg wkhlu xvhv duh wkh vdph dv lq wzr glphqvlrqv/ l1h1
lqglylgxdo dqdo|vlv/ krohv �oolqj/ frqqhfwhg judqxorphwulhv/ hwf 111 +iru elqdu|
lpdjhv,/ dqg h{wuhpd h{wudfwlrq/ �owhulqj e| g|qdplfv/ vzdpslqj +iru juh|
wrqh lpdjhv,1 Rqh ri wkh pdmru sureohpv zh phhw khuh lv wkh glvsod| ri wkh
remhfwv xqghu vwxg|/ dqg zh vkdoo ghyrwh wkh qh{w fkdswhu wr dssurdfk wklv
jrdo e| phdqv ri jhrghvlf glodwlrqv/ e| xvlqj wkh lqwhuphgldu| vwhsv lqyroyhg
lq rshqlqj e| uhfrqvwuxfwlrq1

��D�S `@|iht�i_t @?_ ti}4i?|@|�L?

Wkh frqfhsw ri d zdwhuvkhg lv wkh vdph dv lq wzr glphqvlrqv/ dowkrxjk lwv
ohyho e| ohyho lpsohphqwdwlrq lv idvwlgxrxv dqg riwhq uhsodfhg e| dojrulwkpv
edvhg rq klhudufklfdo txhxhv ^45`^46`1111

Wkh prvw srsxodu ri wkhvh 60G zdwhuvkhgv lv wkdw ri wkh rssrvlwh �glvw%
ri wkh glvwdqfh ixqfwlrqv ri d vhw [/ zklfk doorzv wr vhjphqw wkh vhw [ xqghu
vwxg| lqwr lwv pdmru xqlwv1 Zh zloo looxvwudwh wklv vhjphqwlqj whfkqltxh e|
wdnlqj djdlq wkh irdp sodvwlf h{dpsoh1 Wklv irdp lv rewdlqhg e| h{sdqglqj
sro|vw|uhqh/ zklfk surgxfhv sro|khgudo sruhv1 Li wkh h{sdqvlrq lv wrr zhdn/
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Iljxuh 419= Vhulhv ri furvv vhfwlrqv dqg shuvshfwlyh ylhz ri irdp sodvwlf1

lw grhv qrw |lhog hodvwlflw|/ li lw lv wrr vwurqj/ wkh �qdo surgxfw euhdnv xs1 Wkh
pruskrorjlvw lv wkhuhiruh dvnhg wr ghvfuleh wkh ghjuhh ri %sro|khgul}dwlrq%
ri wkh irdp/ ru pruh suhflvho| ri lwv frpsohphqw1 Qrz/ wkh lqirupdwlrq
frqwdlqhg lq hdfk lqglylgxdo 50G vhfwlrq lv reylrxvo| lqvx�flhqw +vhh �j1
111,/ vr wkdw wkh svhxgr fhoov pxvw eh lqglylgxdol}hg e| d 60G dssurdfk1 Wkh
wkuhh vwhsv ri wkh surfhvv duh wkhq wkh iroorzlqj =

l2 frpsxwdwlrq ri wkh 60G glvwdqfh ixqfwlrq �glvw% ri wkh irdp sruhv [>
ll2 uhfrqvwuxfwlrq forvlqj ri �glvw% e| g|qdplfv/ lq rughu wr uhpryh wkh

qrq vljql�fdqw plqlpd>
lll2 60G zdwhuvkhg \ ri wkh �owhuhg ixqfwlrq1
Wkh zdwhuvkhg vxuidfh \ gholqhdwhv wkh vhsdudwlrqv ehwzhhq irdp sruhv/

wkdw qrz dsshdu dv phwdoolf judlqv lq d vrolg yroxph +�j141:,1 D shuvshfwlyh
ylhz ri wkh lqlwldo vhw lv surylghg e| �j1419/ zkhuh wkh sro|khgud wxuq rxw
wr eh mxvw vnhwfkhg1Zh vhh krz pxfk wkh zdwhuvkhg uhyhdov wkh xqghuo|lqj
vwuxfwxuh1 Wkh srzhu ri vxfk d surfhvvlqj lv pruh pdqlihvw djdlq rq furvv
vhfwlrqv1

Krz frxog lw eh srvvleoh wr hoderudwh wkh vhjphqwdwlrq vkrzq lq �j141:/
iurp wkh vpdoo grwhg vhjphqwv ri �j1419/ zlwkrxw dq lqfxuvlrq lq wkh 60G
vsdfh B

��D�. 5!i*i|L?t

Wkh xvhixoqhvv ri vnhohwrqv dqg wklqqlqj rshudwruv/ xqolnh wkdw ri zkdwhu0
vkhgv/ vhhpv udwkhu sureohpdwlf1 Iluvwo|/ wkrxjk wkh gh�qlwlrq ri d vnhohwrq
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Iljxuh 41:= Vhulhv ri furvv vhfwlrqv dqg shuvshfwlyh ylhz ri wkh irdp/ diwhu
vhjphqwdwlrq ri wkh srurxv phglxp e| zdwhuvkhglqj

uhpdlqv ydolg lq wkuhh glphqvlrqv +l1h1 orfxv ri wkh fhqwuhv ri wkh pd{lpdo
edoov lqfoxghg lq wkh vhw,/ wkh uhdolw| wr zklfk lw uhihuv lv ohvv vlpsoh/ dqg
frpsulvhv erwk phgldo olqhv dqg phgldo yhlov1 Vhfrqgo|/ wkh shuwlqhqfh ri
krprwrs|/ dv d wrsrorjlfdo ghvfulswru + � sdwk htxlydohqfh, lv xqfrq�uphg1
Iru h{dpsoh/ wkhuh duh wzr fodvvhv ri htxlydohqw sdwkv lq d glvf zlwk dq
lqwhuqdo kroh/ exw rqh fodvv rqo| lq d edoo zlwk d odfxqd/ vxfk dv d vskhulfdo
furzq1

Khuh/ qhz fodvvhv ri htxlydohqfh/ kroglqj rq yhlov krphrprusklf wr wkh
xqlw vtxduh/ vkrxog eh lqwurgxfhg/ lq dgglwlrq wr wkh sdwk htxlydohqfh ri
xvxdo krprwrs|1 Exw hyhq lq wkh iudphzrun ri wkh fodvvlfdo krprwrs|/
dqrwkhu wurxeoh dulvhv/ gxh wr d frpelqdwruldo h{sorvlrq = wkh 97 srvvleoh
qhljkerxukrrgv ri wkh xqlw kh{djrq/ lq wkh 50G julg/ ehfrph 7 3<9 iru
wkh fxeh0rfwdkhgurq/ dqg 52S @ 9: 43; ;97 iru wkh xqlw gljlwdo fxeh$ Li
60G krprwrs| dsshdov wr vrph uhdghuv/ wkh| fdq frqvxow wkh frpsuhkhqvlyh
vxuyh| ri S1S1 Mrqnhu dqg D1P1 Yrvvhsrho ^4;` iru wkh fxelf fdvh/ ru wkdw ri
S1 Ekdqx Sudvdg dqg M1S1 Mhuqrw^8` iru wkh fxeh0rfwdkhgudo rqh1

Shuvrqdoo|/ zh suhihu wr frqfoxgh wklv vhfwlrq/ dqg wkh fkdswhu/ e| vkrz0
lqj dq h{dpsoh ri vnhohwrql}dwlrq1 Lw lv gxh wr V1 Erxfkhw ^:`/ zkr xvhv/
dqg lpsuryhv/ dqg dojrulwkp lqlwldoo| sursrvhg e| Fk1 Judwlq ^46`1 Revhuy0
lqj wkdw wkh vnhohwrq ri d 60G vhw lv qrwklqj exw wkh fuhvw vxuidfh ri lwv
txhqfk ixqfwlrq +lq wkh vhqvh ri vhfw1 <05,/ Fk1 Judwlq frqvlghuv d gurs ri
udlq idoolqj rq wkh 60G judsk ri wkh txhqfk ixqfwlrq dw srlqw { 5 R�1 Wkh
gurs jrhv grzq wr wkh orzhvw qhljkerxu ri {/ | vd|1 Lq wkh ryhudoo surfhvv/
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Iljxuh 41;= 50G vhfwlrq ri d prxvvh erqh dqg ri lwv 60G vnhohwrq1

wkh rqo| yr{hov wkdw gr qrw uhfhlyh zdwhu iurp xsvwuhdp duh wkrvh ri wkh
fuhvw vxuidfh1 Vxfk dq dojrulwkp/ hdv| wr lpsohphqw/ uhvxowv lq dffhswdeoh
vnhohwrqv/ l1h1 zlwk uhodwlyho| ihz eduev/ exw lv kdv qr sduwlfxodu uhdvrq wr
suhyhuvh krprwrs|1

Wkh shuvshfwlyh ylhz ri �j1+41</ d, lv wkh elqdu| lpdjh ri prxvh erqh/
rewdlqhg e| plfurwrprjudsk|1 Wklv vshflphq lv pdgh ri 845 { 845 { 845
yr{hov/ dqg rqh zrxog olnh wr ghvfuleh wkh wklfnqhvvhv ri wkh erqh zdoov1 Iru
dqvzhulqj wkh txhvwlrq/ V1 Erxfkhw sursrvhv wr frpsxwh wkh klvwrjudp ri
wkh txhqfk ixqfwlrq ri wkh erqh1 Lqghhg/ wklv txhqfk ixqfwlrq lv d vruw ri
gldphwhu dvvrfldwhg zlwk doo srlqwv ri wkh 60G vnhohwrq1 Wkhuhiruh/ lw kdv d
60G phdqlqj/ dqg zhljwkv wkh ydulrxv zdoov dffruglqj wr wkh h{whqvlrq ri
wkhlu phgldo vxuidfh/ zklfk vhhpv uhdvrqdeoh1

Wkh vnhohwrql}dwlrq lv vkrzq lq �j1+41;,/ yld wkh glvsod| ri d furvv vhfwlrq/
ehiruh +d, dqg diwhu +e, wkh surfhvv1 Rqh fdq uhpdun wkdw vrph zklwh
sduwlfohv duh glvfrqqhfwhg +odfn ri krprwrs|,/ rwkhuv duh foxvwhuhg +60G
dfwlrq,/ dqg wkdw vpdoo krohv gr qrw hqodujh +60G odfxqdh,1 Wkh klvwrjudpp
ri wkh txhqfk ixqfwlrq iru wkh zkroh erqh lv jlyhq lq �j1+41</ e,1 Wkh �uvw
prgh fruuhvsrqgv wr wkh �qh zdoov lq wkh fhqwuh ri wkh erqh/ dqg wkh vhfrqg
prgh wr wkh wklfnqhvv ri wkh h{whuqdo hqyhorsh1
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Iljxuh 41<= Shvshfwlyh ylhz ri wkh erqh +d,/ dqg klvwrjudpp ri lwv txhqfk
ixqfwlrq +e,1

1
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Lq wklv fkdswhu/ zh zrxog olnh wr vkrz krz 60G jhrghv| hqdeohv xv wr %vhh%
wkh elqdu| vwuxfwxuhv lq wkuhh glphqvlrqv1 Iru kxpdq ylvlrq/ wkh pdlq gli0
ihuhqfh ehwzhhq sodqdu dqg wkuhh0glphqvlrqdo vhwv lv wkdw zh gr qrw vhh wkh
odwwhu/ exw rqo| wkhlu shuvshfwlyh surmhfwlrqv/ zkhuhdv wkh 50G vhwv duh lqwh0
judo| vxuyh|hg1 Ri frxuvh/ zh fdq pdnh wkh shuvshfwlyh gluhfwlrqv ydu|/ pryh
dqg wxuq wkh remhfwv/ exw wkdw grhv qrw doorz wr shqhwudwh wkhlu lqwhulruv1

Qrz li zh lqwhusuhw d jhrghvlf pdunhu P dv d srlqw ri ylhz/ dqg lwv
lqfuhdvlqj jhrghvlf glodwlrqv lqvlgh d jlyhq vhw D dv d surjuhvvlyh glvfryhu|/
ri hyhq glvsod|/ ri wkh vhw/ zh jhw lq kdqg d vxevwlwxwh iru wkh shuvshfwlyh
ylvlrq1 Lw zloo eh vrphwklqj hovh/ gl�huhqw dqg zlwk rwkhu dgydqwdjhv dqg
glvdgydqwdjhv = zh zloo eh deoh wr irfxv rq lqwhuqdo eudqfklqjv dqg qhfnv
lq frpsoh{ vwuxfwxuhv iru h{hpsoh/ ru hyhq wr frxqw fruuhfwo| d qxpehu ri
krohv1

Wkhruhwlfdoo| vshdnlqj/ jhrghv| lq wkuhh glphqvlrqv eulqjv qrwklqj uhdoo|
qhz lqwr sod|/ dqg iurp wkh dojrulwkplf srlqw ri ylhz/ uhtxluhv xqltxho|
wkh fkrlfh ri d gljlwdo xqlw edoo1 Lq wkh iroorzlqj zh wdnh wkh xqlw fxeh0
rfwdkhgurq/ suhihudeo| wr wkh fxeh/ ehfdxvh lw lv pruh lvrwurslf/ exw deryh
doo ehfdxvh lwv vpdoohu vl}h +46 yr{hov yhuvxv 5:, doorzv xv d �qhu ghvfulswlrq
ri wkh phglxp xqghu vwxg|1

Vlqfh wkh sureohpv wuhdwhg ehorz gr qrw ghulyh iurp qhz wkhruhwlfdo
ghyhorsphqwv/ lw vhhpv pruh dssursuldwh wr suhvhqw wkhp e| phdqv ri wzr

56
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Iljxuh 514= d, Nlgqh| xqghu vwxg| +vxsuhpxp ri wkh vhfwlrqv,> e, rwkhu
nlgqh| vshflphq1

fdvh vwxglhv/ srvvleo| dffrpsdqlhg e| wkhruhwlfdo frpphqwv +vshfldoo| dw wkh
hqg ri wkh fkdswhu/ derxw wkh frqyhqlhqw phwulfv,1 Wkh wzr h{dpsohv xvhg
khuh zhuh eruq iurp h{shulhqfh/ pruh suhflvho| iurp wzr vhsdudwh lvvxhv lq
wkuhh0glphqvlrqdo rswlfdo plfurvfrs|1

2���� �t| �tt�i G |�i !�_?i)

Lq Iheuxdu| 5333/ Gu1 Mrkq Ehuwudp�c qhskurorjlvw dqg vhuylqj Fkdlupdq
ri wkh Lqwhuqdwlrqdo Vrflhw| iru Vwhuhrorj|/ vshqw wzr gd|v dw wkh FPP/
gxulqj zklfk kh suhvhqwhg klv fxuuhqw zrun1 Wkh vxemhfw ri klv uhvhdufk lv
wkh hpeu|rqlf ghyhorsphqw ri wkh nlgqh| vwxglhg lq dqlpdov vxfk dv wkh udw1
Kh wdnhv dgydqwdjh ri wkh surshuw| ri hpeu|rqlf nlgqh| wr ghyhors lq ylwur/
zklfk hqdeohv klp wr vwxg| wkh rujdq hyroxwlrq e| frqirfdo plfurvfrs|
zlwkrxw dqlpdo ghvwuxfwlrq1^6`1

Gu1 Ehuwudp ohiw xv wkh vhuldo vhfwlrqv ri wzr nlgqh|v/ dqg sursrvhg wr
zrun zlwk d vwxghqw iurp wkh Hfroh ghv Plqhv/ iru ghyhorslqj d pruskrorjl0
fdo dssurdfk wr klv sureohp1 Khqfh wkh ghflvlrq wr odxqfk dq lqwhuqvkls iru
Jdeulho Iulfrxw1

Zh fdq vhh lq �jxuh+514, dq lpdjh ri hdfk nlgqh| diwhu elqdul}dwlrq/
vkrzlqj wkdw wkh vwuxfwxuh ghyhorsv lq wkh irup ri d wuhh1 Wkh h{shfwhg

�#T| Lu �?@|L4)c u@U�*|) Lu �i_iU�?ic N?��� _i �i*ML�h?ic �@h*i��**ic V�U|Lh�@ �fD2c
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pruskrorjlfdo ghvfulswlrq ehduv rq wkh jhrphwu| ri wkh wuhh/ dqg lqyroyhv
wzr remhfwv =

0 h{wuhplwlhv = zkhuh duh wkh| orfdwhg B krz duh wkh| duudqjhg lq vsdfh
B

0 eudqfkhv = zkhuh duh wkh| orfdwhg B dffruglqj wr zklfk klhudufk| dqg
ohqjwk B

Frqirfdo plfurvfrs| uhvxowv lq d kljko| dqlvrwurslf vdpsoh1 Hdfk vh0
ulhv frqwdlqv 5< vhfwlrqv 63 � wklfn > lq zklfk wkh rulhqwdwlrq lv urxjko|
shushqglfxodu wr wkh wuxqn1

Rq hdfk vhfwlrq/ wkh sl{hov duh duudqjhg dffruglqj wr d vtxduh julg/
zkrvh vsdflqj lv derxw 7�1 Wkh gljlwdo yroxph hohphqw +yr{ho, orrnv olnh d
f|olqghu zlwk d vtxduh edvh/ zklfk lv vhyhq wlphv dv kljk dv lw lv zlgh1 Hdfk
eudqfk h{wuhplw| lv vxuurxqghg e| qhskurqv/ zkrvh qxpehu lv lqglfdwlyh ri
wkh ixwxuh fdsdflw| ri wkh ixoo|0jurzq nlgqh|1 Wkh qhskurqv/ zklfk fdqqrw
eh vhhq khuh/ zloo ehfrph ylvleoh wkurxjk d ixwxuh grxeoh vwdlqlqj1 Wkhq/
zh zloo kdyh wr vwxg| wkh uhodwlrqvkls ehwzhhq wkh vkdsh ri wkh wuhh dqg wkh
qxpehu ri qhskurqv lw fdq uhfhlyh1

Wkh glvfxvvlrq wkdw iroorzhg Gu Ehuwudp*v wdon vkrzhg wkdw I1Ph|hu/
V1Ehxfkhu dqg ph glg djuhh rq ryrlglqj 60G vnhohwrqv/ dqg rq dssurdfklqj
wkh sureohp e| phdqv ri 60G jhrghv|1 Qhyhuwkhohvv/ wkh vwxghqw dgrswhg d
vnhohwrq edvhg phwkrg/ exw lq 50G/ dqg dvvrfldwhg zlwk d 60G edfn surmhf0
wlrq ^43`/ l1h1 d wdloru0pdgh dssurdfk iru wkh lpdjhv xqghu vwxg|1 Krzhyhu/
zkhq wkh vklqerqh sureohp durvh/ rqh prqwk odwhu/ lw ehfdph reylrxv wkdw
60G jhrghv| rqo| frxog surylgh d jhqhudo iudphzrun

2���2 2?_ �tt�i G |�i t��?ML?i

Gu1 Vwdxe2 vwxglhv wkh pruskrjhqhvlv ri orqj erqhv/ dqg zrunv rq wkh vklq0
erqhv ri fklfnhq hpeu|rv1 Kh ghvljqhg d g|qdplf prgho ri wkh orqj fhqwudo
}rqh +vkdiw,/ zkhuh wkh frpsdfw ixwxuh erqh dsshduv dv d vhulhv ri qhvwhg
fr0d{ldo f|olqghuv^67` +vhh �jxuh 515,1 Iru yhuli|lqj wkh prgho/ dq h{shul0
phqw frqgxfwhg e| P1 Phqgmhol kdv frqvlvwhg lq volflqj wkh vklqerqh vkdiw/
shushqglfxoduo| wr lwv d{lv/ lqwr d vhulhv ri d kxqguhg vhpl0wklq vhfwlrqv/
urxjko| olnh volflqj d vdxvdjh1 Lw uhvxowv lqwr d qhduo| fxelf julg ri yr{hov
zkrvh vwhs lv forvh wr wkh plfurq dqg zkrvh vl}h lv dssur{lpdwho| 633 { 633
{ 4331

Xqolnh wkh suhylrxv h{dpsoh/ wkh sulpdu| gl�fxow| khuh lv wr ghwhfw wkh
remhfw xqghu vwxg|1 Wkh qhvwhg f|olqghuv duh qrw gluhfwo| ylvleoh/ dqg rqh
kdv qr lghd ri wkh qxpehu ri jdsv dqg krohv wkh| pd| frqwdlq1 Krzhyhu/
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Iljxuh 515= Wzr krul}rqwdo vhfwlrqv ri d vklqerqh hslsk|vlv

wkh erqh lpdjh lv yluwxdoo| elqdu|1 Ilqdoo|/ dv lq wkh suhfhglqj h{dpsoh/ wkh
vsdfh lv %rulhqwhg% iurp d pdunhu = khuh wkh fhqwudo pduurz vsdfh > wkhuh/
wkh frqwdfw }rqh ehwzhhq wkh nlgqh| dqg wkh jhodwlqh +erwwrp ri wkh wuhh,1

Lv lw srvvleoh wr vhjphqw wkh frqfhqwulf f|olqghuv ri wkh erqh/ dqg wr
ghvfuleh wkhp lq txdqwlwdwlyh whupv +wklfnqhvv/ srurvlw|/ frqwdfwv ehwzhhq
f|olqghuv/ hwf 111,B

2�2 �i|�L_ G �@�iuhL?|t

2�2�� `@�iuhL?|t @?_ |hii _�@}h@4t

Ohw ] eh d frpsdfw vhw lq R? dqg { 5 ]/ eh d srlqw lq ] 1 Wkh ydzhiurqw iurp
d srlqw { dw glvwdqfh � lv wkh jhrghvlf vskhuh I +�> {, ri +jhrghvlf, udglxv
� dqg fhqwhuhg lq {/ zkhuh jhrghv| lv jhqhudwhg e| �hog ]1Zh sursrvh wr
vwxg| wkh hyroxwlrq ri wkh frqqhfwhg frpsrqhqwv qxpehu ri wkh zdyhiurqw
I +�> {, zkhq/ dv � lqfuhdvhv/ wkh frpsdfw vsdfh ] lv vzhsw1 Wkh wzr w|shv
ri eudqfklqj/ glylvlrq ru frq�xhqfh/ vxssrvhgo| uhpdlq lq �qlwh qxpehu
zkhq � 5 ^3> �4@ `/ vr wkdw iru dq| eudqfklqj dw � @ �f ? �4@ > lw lv dozd|v
srvvleoh wr �qg dq rshq lqwhuydo `��c�2^ frqwdlqlqj �f/ dqg lqvlgh zklfk wkhuh
duh qr rwkhu eudqfklqj1 Wkh qxpehu ri eudqfkhv zklfk pd| jdwkhu lq �f
lv vxssrvhg wr eh �qlwh1 Ilqdoo|/ dv wkh eudqfklqj pd| wdnh wkh wzr gxdo
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Iljxuh 516= H{dpsoh ri eudqfklqj

vkdshv +glylvlrq ru frq�xhqfh, zkhq � lqfuhdvhv/ lw lv frqyhqwlrqdoo| djuhhg
lq wkh surri ehorz wkdw wkh sdvvdjh �� $ �2 fruuhvsrqgv wr d glylvlrq

Wkhuhiruh/ zh duh ohg wr wkh vlwxdwlrq ghvfulehg lq �jxuh+516,/ zkhuh

srlqw { lv lq eodfn/ wkh edoo
�

E +�f> {, lq oljkw juh|/ lwv frpsohphqw N +�f, lq
] lq gdun juh|/ dqg zkhuh wkh zklwh zdyhiurqw lqglfdwhv wkh suhflvh prphqw
ri wkh eudqfklqj1 Vr/ wkh frpsdfw vhw

N +�, @ ]q �

E +�> {,

kdv d xqltxh frqqhfwhg frpsrqhqw/ zkhq � ? �f> dqg pruh zkhq � A �f1
Lq rughu wr ghwhuplqh zkdw kdsshqv zkhq � @ �f/ zh �uvw revhuyh wkdw iru
frpsdfw vhwv/ zh kdyh _iN +�, > � ? �fj @ N +�f, =

Wkh frpsdfw N+�f, lv frpsrvhg ri rqo| rqh frqqhfwhg frpsrqhqw1 Rwk0
huzlvh/ wkh| zrxog eh vhsdudwhg e| d plqlpxp glvwdqfh g > exw wklv lv lq0
frpsdwleoh zlwk wkh idfw wkdw/ iru dq| glodwlrq ri vl}h %/ zlwk 3 ? % ? g/ wkh
jhrghvlf glodwh ri N+�f, ehfrphv frqqhfwhg1 Wkhuhiruh/ wkh iurqw I +�f> {,
lwvhoi lv frqqhfwhg/ dv rwkhuzlvh/ wr vzlwfk iurp rqh ri lwv frpsrqhqwv wr
dqrwkhu rqh/ lw zrxog eh qhfhvvdu| wr furvv d N+�, zlwk � A �f/ exw wkhvh
N+�, duh qrw frqqhfwhg dq|pruh1

Zkhq ] kdv vhyhudo eudqfklqjv/ wkh vdph ghvfulswlrq dssolhv iru hdfk
eudqfk/ xszdugv ru grzqzdugv iurp wkh sursdjdwlrq iurp srlqw {/ zklfk
frqvhtxhqwo| sduwlwlrqv wkh vhw ] lqwr d vhulhv ri vxffhvvlyh slhfhv1
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Wkh fdvh ri wkh [ eudqfklqj kdv dovr wr eh frqvlghuhg1 Lw rffxuv zkhq
dw ohdvw wzr eudqfkhv vwrs dw wkh fulwlfdo iurqw/ dqg dw ohdvw wzr ri wkhp
vwduw iurp wkhuh1 Lq wklv fdvh/ wkh lqwhuphgldu| frqqhfwhg uhjlrq lv uhgxfhg
wr wkh iurqw lq �f/ iru/ li lw zdv odujhu/ zh zrxog frph edfn wr wkh suhylrxv
fdvh> dqg li wkh iurqw zdv qrw wdnhq lqwr dffrxw/ zh zrxog qr orqjhu kdyh
d fulwlfdo hohphqw/ exw rqo| vhsdudwhg eudqfkhv1 E| jdwkhulqj wkhvh uhvxowv/
zh fdq vwdwh =

Sursrvlwlrq 514 Ohw ] eh d frpsdfw ri R?1 Li/ iru dq| srlqw { 5 ]> wkh
zdyhiurqw I +�> {, hpdqdwlqj iurp { dgplwv d �qlwh qxpehu ri frqqhfwhg
frpsrqhqwv/ zlwk d �qlwh yduldwlrq/ wkhq/ dv udglxv � ydulhv/ I +�> {, sdu0
wlwlrqv ] lqwr d �qlwh qxpehu ri frqqhfwhg vhfwlrqv/ fruuhvsrqglqj wr rshq
lqwhuydov ri �/ dqg vhsdudwhg e| frqqhfwhg frpsrqhqwv ri wkh iurqw zklfk duh
orfdwhg dw wkh fulwlfdo srlqwv ri wkh eudqfklqjv1

Fohduo|/ wkh pdsslqj { $ S +{, zklfk dvvrfldwhv zlwk dq| srlqw { 5 ]
wkh wuhh gldjudp fkdudfwhul}hg e| wkh sursrvlwlrq/ ghshqgv rq wkh fkrlfh
ri srlqw {/ hyhq li/ zkhq frqvlghulqj wkh frpprq phdqlqj ri d wuhh/ wkh
sduwlwlrq uhpdlqv doprvw wkh vdph iru doo wkh srlqwv vhohfwhg orz hqrxjk
lq wkh wuxqn1 Ehvlghv/ lq wklv fdvh/ wkh wuhh pd| eh gh�qhg dv d sduwlwlrq
iru zklfk wkhuh lv qr frq�xhqfh iru d vxlwdeo| vhohfwhg ruljlq { +l1h1 lq wkh
wuxqn,1

Qrwh wkdw zh duh wdonlqj derxw frqqhfwlylw| khuh/ dqg qrw derxw krpr0
wrs|= lq R� sduwlfxoduo|/ wkh vhfwlrqv pd| vkrz forvhg sruhv ru wrulf krohv1

2�2�2 A�i �*|�4@|i i*i4i?|t Lu |�i �@�iuhL?|t

Wklv vhfwlrq wdnhv xs d fodvvlfdo F1 Odqwxhmrxo*v dqg V1 Ehxfkhu*v uhvxow
^53`/ exw suhvhqwv lw gl�huhqwo|1 Zkhq xvlqj jhrghvlfv/ lw ehfrphv srvvl0
eoh wr dvvrfldwh dq| srlqw { 5 ]>] 5 R?/ zlwk wkh srlqw ru srlqwv | 5 ]

zklfk duh wkh ixuwkhvw dzd| iurp {1 Lqghhg/ ohw
�

E +�> {, eh wkh jhrghvlf
rshq edoo ri udglxv � dqg fhqwuh {> dqg �feh wkh xsshu olplw ri wkh � vxfk

wkdw
�

E +�> {, eh vwulfwo| frqwdlqhg lq ]1 Dv wkh qrq hpsw| frpsdfw vhwvq
]q �

E +�> {, > � ? �f

r
ghfuhdvh dqg wkdw R? lv d vhsdudwhg vsdfh/ wkh lqwhu0

vhfwlrq

{ ? �f_
k
]q �

E +�> {,
l

+514,



FKDSWHU 51 60G JHRGHV\ DQG VHJPHQWDWLRQ 5<

lv lwvhoi d qrq hpsw| frpsdfw vhw/ zkrvh srlqwv duh doo dw wkh pd{lpxp
glvwdqfh �f iurp {1 Wklv lqwhuvhfwlrq lv qdphg %jhrghvlf xowlpdwh hurghg

vhw%/ dqg
�

E +�f> {, lv wkh %jhrghvlf xowlpdwh glodwhg vhw% ri srlqw {=
Wkh h{lvwhqfh ri h{wuhph srlqwv pd| dovr eh frqvlghuhg lq d uhjlrqdo

iudphzrun/ dqg qrw d joredo rqh dq|pruh1 Zh pxvw vxssrvh wkdw/ ] dqg
{ ehlqj jlyhq/ lw lv srvvleoh wr �qg d � +]>{, � �f +]>{, vxfk wkdw hdfk

frqqhfwhg frpsrqhqw ri ] q �

E +�> {, > � 9 � 9 �f ghfuhdvhv zlwkrxw vxegl0
ylglqj1 Wkhq/ wkh suhylrxv dqdo|vlv vkrxog vlpso| eh dssolhg wr vhwv

N� _
k
]q �

E +�> {,
l

� 9 � 9 �f

zkhuh wkh N�> l 5 L uhihuv wr wkh frqqhfwhg frpsrqhqwv ri ] q �

E +�> {,1
Wkhuhiruh/ zh rewdlq wkh iduwkhvw frqqhfwhg frpsrqhqwv iurp srlqw {/ vxfk
dv/ iru lqvwdqfh/ wkh �qjhuv wlsv iru { wdnhq durxqg wkh plggoh ri wkh zulvw1

Erwk dojrulwkp idplolhv derxw jhrghvlfv fruuhvsrqg wr erwk rxu srlqwv
ri ylhz1 Lqydvlrq e| jhrghvlf edoov ohg wr doo wkh sduwlfohv uhfrqvwuxfwlrq
yduldqwv +ghohwlrq ri wkh judlqv furvvlqj wkh �hog erughu/ kroh �oolqj/ lqglylg0
xdo dqdo|vlv/ hwf 111, dqg wkh vhdufk iru h{wuhph uhvlgxhv ohg wr wkh xowlpdwh
hurghg srlqwv/ wr wkh remhfwv olplwv dqg wr wkh ohqjwk ri d frqqhfwhg frp0
srqhqw + dv d vxsuhpxp ri wkh glvwdqfhv ehwzhhq sdluv ri h{wuhph srlqwv,1

2�2�� ��# #�}�|@* �@�iuhL?|t

Wkh gljlwl}dwlrq ri jhrghvlf rshudwlrqv pd| fdxvh huuruv/ exw olplwhg rqhv
> lqghhg/ lw lv dgylvdeoh wr fkrrvh/ dv d flufoh ru xqlw vskhuh/ wkh forvhvw
vkdshv wr wkhlu Hxfolghdq krprorjxhv1 Wkhuhiruh/ lq 5G wkh kh{djrq/ zkrvh
vl{ yhuwlfhv duh htxlglvwdqw iurp wkh fhqwhu lv ehwwhu wkdq wkh vtxduh/ dqg/
iru wkh vdph uhdvrq/ wkh fxeh0rfwdkhgurq lv ehwwhu wkdq wkh fxeh lq 6G1

Wklv Z� edoo lv yhu| hdv| wr exlog/ zkhq d qxphulfdo gdwd qhwzrun lq
vtxduh julg ^63` lv dydlodeoh1 Lw vx�fhv wr vkliw doo hyhq sodqhv e| kdoi d gldj0
rqdo ri wkh xqlw fxeh +dq| gldjrqdo/ exw dozd|v wkh vdph rqh,1 Lq sudfwlfh/
gdwd duh ri frxuvh qrw pryhg/ exw rqo| vwuxfwxulqj hohphqwv1 Iru h{dpsoh/
wkh vxevwlwxwh iru wkh 46 yhuwlfhv ri wkh uhjxodu fxeh0rfwdkhgurq ri �j1+517,
lv fdofxodwhg e| glodwlqj wkh fhqwudo srlqw dffruglqj wr wkh vwdjjhuhg xqlw
fxeh0rfwdkhgurq suhvhqwhg lq wkh suhylrxv fkdswhu +zklfk gl�huv zkhwkhu
wkh fhqwhu olhv lq dq hyhq sodqh ru lq dq rgg rqh,1 Wkh zdyhiurqw hpdqdwlqj
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Iljxuh 517= Fxeh0rfwdkhgurq

iurp wklv fhqwudo srlqw vwduwv zlwk wkh srlqw 45 qhljkerxuv > zkhq wkh lqwhu0
sodqh htxdov d@

s
5 +d @ vtxduh julg vsdflqj ri wkh krul}rqwdo sodqhv,/ wkh

vwuxfwxuh ehfrphv frpsohwo| lvrwurslf dqg wkh 45 qhljkerxuv duh htxlglvwdqw
iurp wkh fhqwhu1 Wklv zloo eh rxu dvvxpswlrq +vhfwlrq 7, derxw wkh vklqerqh/
exw wklv k|srwkhvlv lv qrw hvvhqwldo/ dqg/ lq dq| fdvh/ fdqqrw eh yhqwxuhg iru
wkh vwxg| derxw hpeu|rqlf nlgqh|v +vhfwlrq 6,

Wkh vzlwfk iurp wkh xqlw edoo F+{, ri Z� +rfwdkhgurq/ sulvp ru fxeh,
wr lwv jhrghvlf yhuvlrq E�+{, lqvlgh d pdvn ] lv

E�+{, @ F +{,_ ]

dqg wkh jhrghvlf edoo E% +{, ri wkh vl}h lv rewdlqhg e| q lwhudwlrqv ri wkh
suhylrxv rqh =

E? +{, @ E� ^E?3� +{,`_ ]
Wkh fruuhvsrqglqj zdyhiurqw/ ru jhrghvlf vskhuh htxdov

I? +{, @ E?n� +{, qE? +{,

2�� Nti Lu |�i |hii _�@}h@4 uLh i4Mh)L?�U !�_?i)t

Lq rughu wr looxvwudwh wkh deryh pdwwhu/ zh sursrvh wr vhjphqw wkh �uvw rqh
ri wkh wzr nlgqh|v ri �j1 5141 Wkh dqdo|vlv frqwdlqv irxu vwhsv =

42 vhw frqvwuxfwlrq iurp wkh lqlwldo gdwd >
52 jhrghvlf glvwdqfh ixqfwlrq ri d pdunhu lq wkh vhw>
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Iljxuh 518= d, Shuvshfwlyh ylhz ri wkh elqdul}hg nlgqh|> e, frqirfdo vhfwlrq
q`3{e347

62 h{wuhplwlhv>
72 eudqfkhv1

2���� ��?@h�3@|�L?

Wklv vlpsoh rshudwlrq rqo| uhtxluhv d wkuhvkroglqj ehwzhhq 93 dqg 588/
iroorzhg zlwk wkh �oo0lq ri wkh el0glphqvlrqdo lqwhuqdo sruhv1 Vwloo/ wkh pdlq
frqqhfwhg frpsrqhqw kdv wr eh h{wudfwhg1 Lq rughu wr gr wklv/ zh wdnh dv
pdunhu { rqh srlqw dw wkh ehjlqqlqj ri wkh wuxqn1 Wkh uhfrqvwuxfwlrq vkrzv
wkdw wkh nlgqh| wuhh gldjudp lv eurnhq durxqg wkh plggoh lq wzr vhsdudwhg
sduwv1 Wklv lv fdxvhg e| wkh lqdffxudf| ri frqirfdo plfurvfrs|1 Lq rughu
wr sxw lw uljkw/ erwk sduwv kdyh ehhq uhfrqqhfwhg e| d vpdoo forvlqj +vhh
�j1+518d,,1

2���2 }iL_it�U _�t|@?Ui u�?U|�L?

Wkh jhrghvlf glvwdqfh ixqfwlrq vwduwv iurppdunhu { dw wkh edvh ri wkh nlgqh|
dqg surjuhvvhv lqvlgh wkh wuhh dffruglqj wr xqlw fxeh0rfwdkhgud +�j1519,1
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Iljxuh 519= Jhrghvlf glvwdqfh ixqfwlrq iurp wkh dqfkrudjh srlqw +qhjdwlyh
ylhz ri wkh vxsuhpxp ri wkh vhfwlrqv,

2���� , |hi4�|�it

Wkh h{wuhplwlhv duh qrwklqj exw wkh uhjlrq pd{lpd ri wkh suhylrxv jhrghvlf
ixqfwlrq1 Wkhvh xowlpdwh hurghg srlqwv duh vkrzq rq 51:d/ zkhuh orwv ri
txlwh lqvljql�fdqw exw yhu| vpdoo uhdo pd{lpd fdq ehhq revhuyhg1 Wkh| duh
uhpryhg e| d vpdoo vxuidfh rshqlqj +�j151:e,1 Zkhq xvlqj wklv dojrulwkp lq
urxwlqho|/ lw zrxog ehwwhu wr vwduw zlwk d uhjxodul}dwlrq ri wkh vhw xqghu vwxg|
e| phdqv ri dq lvrwurslf wulglphqvlrqdo rshqlqj ri vl}h 4 ru 5/ surylglqj wkdw
lw grhv qrw euhdn wkh frqqhfwlylw|1

2���e �h@?U��?}t

Wkh h{wudfwlrq ri eudqfklqjv/ zklfk lv frqfhswxdoo| vlpsoh/ pd| qhyhuwkhohvv
ohdg wr d dssuhfldeoh frpsxwlqj wlph1 Frqvlghulqj wkh txlwh ylvleoh vwuxfwxuh
ri wkh surmhfwhg wuhh/ wkh dojrulwkp xvhg ehorz lv voljkwo| ohvv suhflvh/ exw
idvwhu dqg hdvlhu wr lpsohphqw1

Lq d �uvw vwhs/ elglphqvlrqdo eudqfklqjv rq wkh wuhh surmhfwlrq duh lq0
yhvwljdwhg/ wkhq/ zh jhw edfn wr wkh 6G vsdfh e| exloglqj yhuwlfdo f|olqghuv
zkrvh edvhv duh orfdwhg dw wkh 5G eudqfklqjv/ dqg voljkwo| glodwhg +vl}h 5,1
Ilqdoo|/ zh wdnh wkh lqwhuvhfwlrq ehwzhhq wkhvh f|olqghuv dqg wkh 6G wuhh1
Wkh rshudwlrq ohdgv wr �j151;1
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Iljxuh 51:= d, Doo h{wuhplwlhv ri wkh Nlgqh| > e, Ilowhuhg h{wuhplwlhv1

Iljxuh 51;= Surmhfwlrq ri wkh 6G eudqfklqjv
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2���D +it�*|t

Lq doo/ vwduwlqj iurp wkh frqqhfwhg nlgqh| wuhh/ zh jrw wr lwv vhjphqwdwlrq
lqwr glvmrlqw eudqfkhv vhsdudwhg e| wklq eudqfklqjv1 Vrph eudqfkhv frqwdlq
rqh ru pruh/ ri wkh wuhh h{wuhplwlhv1 Iurp vxfk d vhjphqwdwlrq/ lw qrz eh0
frphv srvvleoh wr uhsodfh wkh remhfw xqghu vwxg| e| d %wuhh% lq wkh phdqlqj
ri judsk wkhru|/ zkhuh wkh hgjhv fdq eh zhljkwhg jhrphwulfdo fkdudfwhulvwlfv
+yroxph/ ohqjwk/ orfdwlrq ri lwv fhqwhu/ srvvleoh hqg srlqwv 111 hwf,1

2�e 5�@u| Lu U��U!i? i4Mh)L t��?ML?it

2�e�� ��hTLti

Wkh erqh }rqh xqghu vwxg| lv vlwxdwhg lq wkh fhqwudo sduw ri d fklfnhq hpeu|r
vklqerqh/ zkrvh d{lv gh�qhv wkh yhuwlfdo1Wkh h{shulphqwdo gdwd irup d vhulhv
ri <; uhfwdqjxodu volfhv ri 653 { 643 sl{hov hdfk1 Wkh xqlirup juh| ri wkh
vklqerqh skdvh doorzlqj dq hdv| wkuhvkrog +vhh �j1+51<d,,/ wkh wzr sureohpv
wr eh vroyhg duh wkhq wkh iroorzlqj =

42 Lpsohphqwlqj dqg fkhfnlqj Gu Vwdxe*v prgho/ wkdw lv wr vd| vzlwfklqj
iurp wkh prgho ri qhvwhg f|olqghuv wr dq h�hfwlyh vhjphqwdwlrq ri wkh erqh
lqwr qhvwhg vwuxfwxuhv wkdqnv wr vrph frqyhqlhqw txdqwlwdwlyh fulwhulrq +wr
eh irxqg,>

52 Rqfh wkh vhjphqwdwlrq lv dfklhyhg/ h{wudfwlqj pruh vshfl�fdoo| wkh
eulgjhv wkdw olqn wzr vxffhvvlyh f|olqghuv/ dqg fdofxodwlqj wkh krprwrs| ri
erwk eulgjhv dqg f|olqghuv1

2�e�2 �*}Lh�|�4

Iru wkh vdnh ri shgdjrj|/ zh zrun/ rq wkh rqh kdqg/ rq doo <; volfhv/ dqg
rq wkh rwkhu kdqg/ rq wkh �uvw 47 rqhv rqo|1 Zh fdoo %erqh% wkh �uvw �oh/
dqg %erqh4% wkh vhfrqg rqh1 Wkdqnv wr uhgxfhg wklfnqhvv �oh erqh4/ vrph
vwuxfwxuhv duh pdgh pruh hdvlo| ylvleoh> pruhryhu/ wkh frpsdulvrq ehwzhhq
wkh zdyhiurqwv ri erqh dqg erqh4 zloo lqirup xv derxw wkh uhsuhvhqwdwlylw|
ri vdpsoh erqh41

Li wkh qhvwhg f|olqghuv prgho lv fruuhfw/ wkh zdyhiurqw vwhpplqj iurp
wkh fhqwudo phgxood }rqh dqg shqhwudwlqj lqwr wkh erqh vkrxog sursdjdwh
pruh udslgo| zkhq lw �rrgv d f|olqgulfdo furzq wkdq zkhq lw furvvhv wkh
qduurz lvwkpxvhv wkdw olqn wkh furzqv dowrjhwkhu1 Wkhuhiruh/ zh kdyh wr =



FKDSWHU 51 60G JHRGHV\ DQG VHJPHQWDWLRQ 68

Iljxuh 51<= d, shuvshfwlyh ylhz ri erqh4> e,Fhqwudo f|olqgulf pdunhu P

0 jhqhudwh d uhohydqw fhqwudo pdunhu P>
0 sorw wkh fxuyh ri wkh zdyhiurqw vxuidfh I +�>P, yhuvxv glvwdqfh �/ zklfk
vkrxog vkrz rvfloodwlrqv zlwk pruh ru ohvv shulrglf plqlpd >
0 ghfrpsrvh wkh jhrghvlf zdyh lqwr vhfwlrqv olplwhg e| plqlpd ydoxhv +erqh
vhjphqwdwlrq,>
0 h{wudfw wkh zdyhiurqw dw hdfk plqlpxp/ zklfk zloo uhvxow lqwr eulgjhv>
0 fdofxodwh Hxohu frqvwdqw iru eulgjh vhwv/ dqg f|olqghuv>

111 doo rshudwlrqv wkdw zloo qrz eh h{hfxwhg1

2�e�� +it�*|t

Wkh fhqwudo pdunhu P lv rewdlqhg e| zrunlqj rqh vhfwlrq diwhu wkh rwkhu/
dqg e| h{wudfwlqj wkh fhqwudo sruh diwhu rshqlqj +dojrulwkp erqh4,/ vhh
�j1+51<,e1

Wkh phdvxuhphqw yduldwlrq ri wkh zdyhiurqw vxuidfh/ iru erwk �ohv erqh
dqg erqh4 lv vkrzq lq �j1+5143,1 Wkhlu plqlpd duh dssur{lpdwho| rq wkh
vdph deflvvdh/ iru lqvwdqfh 49 lqvwhdg ri 46 ru 9 lqvwhdg ri 8/ zklfk lv dq
dxvslflrxv vwduw1

Erqh dqg erqh4 vhjphqwdwlrqv/ fduulhg rxw iurp wkh iroorzlqj plqlpd
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Iljxuh 5143= Sorw ri wkh zdyhiurqw vxuidfh yhuvxv wkh sursdjdwlrq vwhsv

deflvvdh

9> 55> 77> 1111111111111111111111111111111111111 iru erqh

8> 4;> 57> 74> 98> 11111111111111111111111111 iru erqh4

ohdg wr wkh uhvxowv vkrzq rq �j1+5144,1

Lq rughu wr h{wudfw wkh eudqfklqjv ehwzhhq f|olqghuv/ d vwurqjhu dqg
sduwldoo| idovh k|srwkhvlv kdv wr eh pdgh= wkh zdyhiurqwv fruuhvsrqglqj wr
hdfk plqlpxp ri wkh sorw duh vxssrvhg wr eh h{foxvlyho| orfdwhg lq wkhvh
qduurzv1 Edvhg rq wklv dssur{lpdwlrq/ wkh eulgjhv ehwzhhq f|olqghuv l dqg
l.4 pdwfk zlwk wkh vhw gl�huhqfh ehwzhhq wkh p . 4 dqg p vl}hg0jhrghvlf
glodwhv/ zkhuh p lv wkh deflvvd ri d plqlpxp1 Rq �jxuh5145/ wkh frqwdfw
}rqhv ehwzhhq wkh �uvw wzr f|olqghuv duh vkrzq/ iru wkh �ohv erqh dqg erqh41

Zh qrz wuhdw wkh odvw srlqw/ derxw frxqwlqjv rq wkh ydulrxv h{wudfwhg
vhwv1 Dv rqh fdq qrwh rq wkh iroorzlqj wdeoh/ wkh erqh lv txlwh slhufhg dqg
eurnhq1
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Iljxuh 5144= 6G vhjphqwdwlrqv ri wzr volfhv1

Iljxuh 5145= Shuvshfwlyh ylhzv ri wkh glodwhg eulgjhv/ iru %erqh% dqg %erqh
4%
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Uhjlrq Hxohu Srlqfdu�h qxpehu

lqlwldo erqh
frqqhfwhg frpsrqhqw/ dgmdfhqw wr wkh pdunhu

eulgjhv ehwzhhq wkh �uvw wzr f|olqghuv
vdph eulgjhv/ iroorzhg e| d xqlw glodwlrq

erqh erqh4
0 4 869 0 56:
0 4 ;;8 0 5:8
4 77: 538
65 43

Eurnhq/ iru zkhq uhgxflqj wkh remhfw wr lwv sduw dgmdfhqw wr wkh fhqwudo
pdunhu/ dw ohdvw 4;;8 0 4 869 @ 67< vpdoo lvrodwhg sduwv duh uhpryhg +h{shu0
lphqwdo duwlidfwv B,1 Slhufhg/ iru wklv pdlq frqqhfwhg frpsrqhqw kdv 4;;8
krohv/ li lw lv dgplwwhg wkdw lw grhv qrw frqwdlqv lqwhuqdo forvhg sruhv +wklv
vhhpv uhdolvwlf zkhq zh frqvlghu wkh wklfnqhvvhv,1

Wkh HSF ri wkh eulgjhv +477:, vhhpv txlwh kljk1 Lq idfw/ pruh wkdq
d qxw olqnlqj rqh f|olqghu wr wkh iroorzlqj rqh/ d mrlqw udwkhu orrnv olnh d
exqgoh ri �qh �ehuv1 Wklv lv wkh uhdvrq zk| dq hohphqwdu| glodwlrq +wkh
46 yr{hov ri wkh xqlw fxeh0rfwdkhgurq eulqjv Hxohu0Srlqfdu�h qxpehu 4 77:
grzq wr 651

2�D #�}�|@* BiL_it�U �i|h�Ut

Lq erwk h{dpsohv/ zh ghflghg wr vwduw iurp gljlwdo phwulfv/ wkrvh zkrvh
edoov duh wkh fxeh0rfwdkhgurq ri Z�1 Wkhq/ zh frqvlghuhg wkh fxeh0rfwdkhgud
E�+{, fhqwhuhg lq {>5 Z�> dqg zlwk d vl}h 4 dv wkh vwuxfwxulqj hohphqwv/ dqg
zh kdyh xvhg wkhlu vxffhvvlyh lwhudwlrqv wr jhqhudwh wkh zdyhiurqwv1 Ilqdoo|/
zh kdyh frqvlghuhg wkh zdyhiurqwv dv wkh vskhuhv lq d qhz phwulf/ qdphg
jhrghvlfv/ wkdqnv wr wkh Fkrtxhw wkhruhp1

Phdqzkloh/ zh kdyh vxuuhswlwlrxvo| uhsodfhg wkh phwulf edoov zlwk d vhw
ri glodwlrqv zkhq wlph fdph wr lpsohphqw wkh �uvw rqhv1 Duh wkhvh wzr
qrwlrqv htxlydohqw B Lv lw vx�flhqw wkdw wkh �b lqfuhdvh zlwk wkh srvlwlyh
sdudphwhu � B Wklv lv zkdw zh duh jrlqj wr vwxg| qrz1 Lqghhg/ iru ehlqj deoh
wr exlog zdyhiurqwv/ wkh gdwd ri d sulru phwulf lv d qhfhvvdu| exw lqvx�flhqw
frqglwlrq1 Zh pxvw dovr pdnh vxuh wkdw dq| srlqw ri wkh vsdfh uhpdlqv
dffhvvleoh iurp dq| rwkhu rqh e| d vhulhv ri dueludu| vpdoo glodwlrqv/ qdpho|/
lq wkh gljlwdo fdvh/ ri wkh xqlw vl}h1 Lq rwkhu zrugv/ zh pxvw kdyh

�? @ +��,
?
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Rqh fdq suryh wkdw lq wkh gljlwdo fdvhv/ wklv frqglwlrq/ zklfk lv htxlydohqw
wr wkh vhpl0jurxs uhodwlrq ���> @ �bn> lv dovr vx�flhqw1 D qxpehu ri
idplolhv i�bj fdq eh exlow/ wkdw fdq vdwlvi| lw1 Khuh duh d ihz/ lq wzr ru
wkuhh glphqvlrqv1 Lw lv uhplqghg wkdw �� +{, fdq fkdqjh lwv vkdsh iurp rqh
srlqw wr dqrwkhu rqh1

Phwulfv ri uhjxodu odwwlfhv = wkrvh duh suhflvho| wkh rqhv zkhuh �� +{,
vkdsh grhv qrw fkdqjh/ l1h1 zklfk duh wudqvodwlrq lqyduldqw rq d d uhjxodu
julg/ vxfk dv/

lq Z2 wkh v|pphwulfdo xqlw vtxduh ri < ru 8 srlqwv +gldprqgv,/ ru wkh :
srlqw kh{djrq1

lq Z� fxeh +5: srlqwv,/ wkh kh{djrqdo edvlv0f|olqghu +54 srlqwv, ru wkh
fxeh0rfwdkhgurq +46 srlqwv,/ wkh odvw rqh ehlqj wkh �qhvw dqg wkh prvw
lvrwurslf1

jhrghvlf phwulfv ri d �uvw pdvn = Lq sudfwlfh/ wkh suhylrxv phwulfv duh
rqo| xvhixo zkhq wkh vwxglhg remhfw lv frqwdlqhg lq d uhfwdqjxodu pdvn/ ]
vd|/ zklfk grhv qrw kdsshq yhu| riwhq1 Prvw ri wkh wlph/ rq wkh frqwudu|/
wkh pdvn kdv fxw rxw d uhjlrq lq d zlghu �hog/ dqg/ lq rughu wr pdqdjh
wklv erughu h�hfw/ �� +{, lv uhsodfhg e| �� +{,_] 1 Wkh vdph frqvwuxfwlrq lv
fruuhfw zkhq ] lv dq duelwudu| jlyhq vhw/ dv wkh h{dpsohv ri vhfwlrqv 6 dqg
8 kdyh vkrzq1 Ehvlghv/ lwhudwlqj d �uvw jhrghvlf xvhg dv dq lqlwldo phwulf/ lq
rughu wr exlog d vhfrqg rqh/ lv qrw iruelghq1

Qrq xqlw glodwlrqv = Ohw xv frqvlghu qrz dv d xqlw edoo wkh glodwh �? ri
vl}h q ri wkh xqlw lvrwurslf glodwlrq ri wkh julg/ l1h1wkh vtxduh 6 { 6/ ru wkh 46
yr{hov fxeh0rfwdkhgurq/ iru lqvwdqfh1 Wkh surfhgxuh frqvlvwv ri fkdqjlqj wkh
frqqhfwlrq/ e| uhsodflqj dufzlvh frqqhfwlylw| e| wkdw ri wkh �?1 Lw phdqv
wkdw wkh frpsrqhqw frqwdlqlqj d jlyhq srlqw { lv qrw d rqh slhfh remhfw
dq|pruh/ exw d jurxs ri remhfwv zkrvh glodwh e| �? lv lq rqh slhfh1

Wklv qrq xqlw jhrghvlfv pd| vdyh frqvlghudeoh wlph lq 60glphqvlrqvdo
surfhvvhv1 Vxssrvh iru h{dpsoh zh zdqw wr h{wudfw wkh dufzlvh frqqhfwhg
frpsrqhqw D% dw srlqw { ri d jlyhq vhw D1 Zh fdq ehjlq e| hurglqj D e|
�?/ wkhq uhfrqvwuxfw lw z1u1 wr wkh xqlw edoo �?/ dqg hqglqj wkh surfhvv e|
jhrghvlf glodwlrqv dffruglqj wr wkh xqlw edoo ��1 Iru odujh gldphwhuv ri D
frpsduhg wr q/ wkh frpsxwlqj wlph lv dv|pswrwlfdoo| glylghg e| q1

Vhfwlrqv dqg surmhfwlrqv = Dv zh kdyh vhhq ehiruh derxw wkh nlgqh|
eudqfklqjv/ wkh surmhfwlrq ri wkh vwdfn ri vhfwlrqv sloh surmhfwlrq qrupdoo|
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Iljxuh 5146= Vhfwlrqv qxpehuv 48 +d,/ dqg 68 +e,/ iurp d vwdfn ri 8: frqirfdo
vhfwlrqv ri rvwhrf|whv1

wr wkhlu sodqh pd| eh xvhg dv d edvlv iru d wulglphqvlrqdo dqdo|vlv1 Frqvlghu
iru h{dpsoh d 60G vhw D +lq R2ru lq Z2,/ ri frqqhfwhg frpsrqhqw �% +D,
dw srlqw {= Ohw Df dqg {f eh wkh surmhfwlrqv ri D dqg { uhvshfwlyho| rq d
krul}rqwdo sodqh vxevsdfh1Wkhq wkh yhuwlfdo f|olqghu ri edvlv wkh frqqhfwhg
frpsrqhqw ri Df +lq wkh 50G vhqvh, wkdw lqfoxghv {f frqwdlqv �% +D, = Vxfk
d surshuw| doorzv dq hdv| h{wudfwlrq ri �% +D,/ vshfldoo| zkhq wkh frqqhfwhg
frpsrqhqwv ri D duh udwkhu zhoo vhsdudwhg1Eh|rqg surmhfwlrq surfhgxuhv/
khuh djdlq/ lw lv qrw gl�fxow wr �qg qrq xqlw glodwlrqv dqg wkh dffrpsdq|lqj
frqqhfwlrqv1 Exw lq wklv fdvh/ rqo| yhuwlfdoo| doljqhg srlqwv fdq eh jdwkhuhg1

Wkh iroorzlqj h{dpsoh looxvwudwhv wklv surmhfwlrq whfkqltxh1Wkh vhtxhqfh
xqghu vwxg| frpsulvhv 8: ;0elw gljlwdo lpdjhv ri 845 { 845 sl{hov1 Wkh| frph
iurp d erqh wlvvxh/ h{dplqhg e| frqirfdo plfurvfrs|/ zlwk d rqh plfurq
gljlwdo vsdflqj1 Lq wklv vpdoo yroxph ri erqh/ zh fdq vhh wkuhh rvwhrf|whv
zklfk duh orfdwhg dw ydulrxv ghswkv1 Rq erwk volfhv ri �j1+5146,/ wkh qxfohl
dsshdu/ dv zhoo dv sruwlrqv ri orqj �ehuv ri f|wrsodvp/ wkdw zh duh derxw wr
vhjphqw1

E| wdnlqj wkh vxsuhpxp ri wkh 8: volfhv +�j1+5147,d, dqg �owhulqj wkhp/
zh nhhs wkh wkuhh odujhvw surmhfwlrqv rqo| +�j1+5147,e, zkhuh wkh wkuhh glv0
mrlqw frqqhfwhg surmhfwlrqv ri wkh rvwhrf|whv duh ylvleoh1 Frqvlghu wkh yhu0
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Iljxuh 5147= d, Wkuhvkrog yhuvlrq ri wkh vxsuhpxp > e, H{wudfwlrq ri wkh
wkuhh odujhvw remhfwv1

wlfdo f|olqghuv zlwk wkhvh surmhfwlrqv dv wkh edvhv/ dqg uhvwulfw hdfk ri 8:
vhfwlrqv wr wkh lqvlgh ri wkh f|olqghuv1 Wklv uhvxowv lq �jxuh +5148,/ wkdw
vkrzv d shuvshfwlyh ylhz ri wkh h{wudfwhg fhoov1

Lq jhrghvlf whupv/ wkhvh rshudwlrqv duh htxlydohqw wr jhrghvlf glodwlrqv
e| d yhuwlfdo vhjphqw/ wdnhq dv wkh xqlw glodwlqj edoo1 Wklv vhjphqw vl}h lv
qrw rqh/ exw derxw �iwhhq srlqwv +rwkhuzlvh/ wkh zkroh f|olqghu frxog qrw
eh irxqg,1 Wkhq/ rqo| remhfwv zkrvh yhuwlfdo glodwh lv dufzlvh0frqqhfwhg duh
frqvlghuhg frqqhfwhg/ zklfk �qdoo| |lhogv wkh wkuhh odujhvw fhov ri wkh vwdfn1

2�S �L?U*�t�L?

Uhpdundeo|/ wkh vdph zdyhiurqw frqfhsw lq R? ru Z? doorzv rqh wr ghvfuleh=
0 wkh frqqhfwhg frpsrqhqwv/yld lwv vxuidfh phdvxuhphqw>
0 wkh erwwohqhfnv/ yld wkh plqlpd ri lwv yduldwlrq>
0 wkh eudqfkhv/ yld wkh yduldwlrq ri lwv frqqhfwlylw|>
0 dqg wkh h{wuhplwlhv/ yld wkurxjk lwv xowlpdwh orfdwlrqv>

dqg lwv dssolfdwlrq wr frpsoh{ 60G klvwrorjlf vwuxfwxuhv suryhv wkh rxwvwdqg0
lqj srzhu ri wklv wrro1

Iurp d wkhruhwlfdo srlqw ri ylhz/ wkh zdyhiurqw surshuwlhv eulgjh wkh
wkuhh frqfhswv ri frqqhfwlrq/ phwulfv dqg glodwlrq1 Dq dgglwlyh vhpl0jurxs
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Iljxuh 5148= Shuvshfwlyh ylhz ri wkh h{wudfwhg rhvwhrf|whv

ri glodwlrqv lv htxlydohqw wr d phwulf wkdw dgplwv jhrghvlfv/ dv zhoo dv wr wkh
frpsdfw frqqhfwhg frpsrqhqwv ri d frqqhfwlrq1 Wklv grxeoh htxlydohqfh
rshqv wkh grru wr dq d0sulrul lq�qlwh qxpehu ri srvvlelolwlhv > lq idfw/ lw
vhhpv xs wr qrz wkdw frqqhfwlrqv e| glodwlrq duh wkh rqo| rqhv wr kdyh
suryhg wkhlu sudfwlfdo xvhixoqhvv1



��M*�L}h@T�)

^4` J1 Ehuwudqg/ %Vlpsoh srlqwv/ wrsrorjlfdo qxpehuv dqg jhrghvlf qhljk0
erukrrgv lq fxelf julgv%/ Sdwwhuq Uhf1 Ohwwhuv/ yro1 48/ ss1 433604345/
4<<71

^5` J1 Ehuwudqg Qhz Qrwlrqv iru Glvfuhwh Wrsrorj|/ lq Glvfuhwh Jhrphwu|
iru Frpsxwhu Lpdjhu|/ Ehuwudqg J1/Frxshulh P1/ Shuurwrq O1+Hgv1,
Ohfwxuh qrwhv lq frpsxwhu vflhqfhv/ Yro 489;/ Vsulqjhu/ 4<<<

^6` D1W1Fodun/ U1M1 \rxqj dqg M1I1 Ehuwudp 1 Lq ylwur vwxglhv rq wkh
urohv ri wudqviruplqj jurzwk idfwru0ehwd4 lq udw phwdskuhqlf ghyhors0
phqw/ Nlgqh| Lqw 8< ss 497404986 +5334,1

^7` S1 Ekdqx Sudvdg/ M1S1 Mhuqrw/ P1 Frvwhu/ M1O1 Fkhupdqw/
%Dqdo|vh pruskrorjltxh wulglphqvlrqqhooh ghv pdw�huldx{ frqghqv�hv%/
lq Surf1 SL[LP/ 4<;;/ ss1 640751

^8` S1 Ekdqx Sudvdg/ M1S1 Mhuqrw Wkuhh glphqvlrqdo krprwrslf wklq0
qlqj ri gljlwl}hg vhwv/ Dfwd Vwhuhrorjlfd/ yro1 </ ss1 5680574/ 4<<3

^9` J1Erujhiruv Glvwdqfh wudqvirupdwlrqv lq gljlwdo vsdfh1 Frpsxwhu Yl0
vlrq/ Judsklfv dqg Lpdjh Srufhvvlqj/ yro 67/ ss167706:/4<;91

^:` V1 Erxfkhw Vhjphqwdwlrq hw txdqwl�fdwlrq g*lpdjhv wulglphqvlrq0
qhoohv1 Whfkq1 Uhsruw1 Hfroh ghv Plqhv gh Sdulv/ Mxqh 4<<</435 s1

^;` J1 Fkrtxhw Wrsrorjlh Dfdghplf Suhvv/ Q1\1 4<991

^<` S1H1Gdqlhovvrq/ Hxfolghdq glvwdqfh pdsslqj Frpsxwhu Judsklfv dqg
Lpdjh Surfhvvlqj/ +4<;3,47/ 55:057;1

^43` J1Iulfrxw/ O1D1Fxoohq0Pf Hzhq/ L1D1 Kdushu / G1Mhxolq / M1I1

Ehuwudp D txdqwlwdwlyh phwkrg iru dqdo|vlqj 6G eudqfklqj lq hp0
eu|rqlf nlgqh|v=

76
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^44` V1 Jhvehuw/ F1Y1 Krzdug/ G1 Mhxolq dqg I1 Ph|hu/ %Wkh xvh
ri edvlf pruskrorjlfdo rshudwlrqv iru 6G elrorjlfdo lpdjh dqdo|vlv%/
Wudqv1 Ur|1 Plfurvf1 Vrf1/ yro1 4/ ss1 5<605<9/ 4<<31

^45` F1 Judwlq dqg I1 Ph|hu/ %Pdwkhpdwlfdo Pruskrorj| lq wkuhh gl0
phqvlrqv%/ Dfwd Vwhuhro1 yro1 44/ ss1 884088;/ 4<<41

^46` F1 Judwlq/ Gh od uhsu�hvhqwdwlrq ghv lpdjhv hq wudlwhphqw pru0
skrorjltxh g*lpdjhv wulglphqvlrqqhoohv/ SkG wkhvlv/ Hfroh ghv Plqhv
gh Sdulv/ 4<<6/ 533 s1

^47` K1 Kdgzljhu/ Yruvhvxqjhq �xehu Lqkdow/ Rehu��dfkh xqg Lvrshulphwulh/
Vsulqjhu/ 4<8:1

^48` Y1F1 Krzdug dqg N1 Vdqgdx/ %Phdvxulqj wkh vxuidfh duhd ri d fhoo
e| wkh phwkrg ri wkh vsdwldo julg zlwk d FVOP%/ M1 ri Plfu1/ yro1 498/
ss1 4;604;;/ 4<<51

^49` Mdphv dqg Mdphv/ Pdwkhpdwlfv Glfwlrqdu|/ Ydq Qrvwudqg/ 4<;51

^4:` S1S1 Mrqnhu/ %Sdudooho surfhvvlqj lq frpsxwhu ylvlrq dqg froolvlrq iuhh
sdwk sodqqlqj ri dxwrqrprxv v|vwhpv%/ lq 59wk LVDWD/ 4<<61

^4;` S1S1 Mrqnhu/ D1P1Yrvvhsrho Pdwkhpdwlfdo pruskrorj| iru 6G lp0
djhv = frpsdulqj 5G dqg 6G vnhohwrql}dwlrq dojrulwkpv/ Vxpphu Vfkrro
rq pruskrorjlfdo lpdjh dqg vljqdo surfhvvlqj Ghoiw Xqlyhuvlw|/ 4<<81

^4<` W1 Nrqj dqg D1 Urvhqihog/ %Gljlwdo wrsrorj|= Lqwurgxfwlrq dqg
vxuyh|%/ Frps1 Ylv1 Lpdjh Surf1/ yro1 7;/ ss1 68:06<6/ 4<;71

^53` F1 Odqwxhmrxo ) V1 Ehxfkhu/ Rq wkh xvh ri jhrghvlf phwulf lq lpdjh
dqdo|vlv/ M1 ri plfurvfrs|/ 454/ ss 6<~7</ 4<;4191

^54` I1 Ph|hu/ %Pdwkhpdwlfdo Pruskrorj|= iurp wzr glphqvlrqv wr wkuhh
glphqvlrqv%/ M1 ri Plfu1/ yro1 498/ ss1 805</ 4<<51

^55` M1F1 Pxoolnlq/ Glvfuhwh dqg Frqwlqxrxv Phwkrgv iru Wkuhh Glphq0
vlrqdo Lpdjh Dqdo|vlv/ Ghoiw= Xqly1 Suhvv/ 4<<61

^56` M1 Pxnnhumhh dqg E1Q1 Fkdwwhuml/ %Vhjphqwdwlrq ri wkuhh0
glphqvlrqdo vxuidfhv%/ Sdwwhuq Uhf1 Ohwwhuv/ yro1 44/ ss1 5480556/ 4<<31

^57` Q1 Qlnrodlglv ) L1 Slwdv/ 60G Lpdjh Surfhvvlqj Dojrulwkpv/ Zloh| /
5334/ 4:9 s1
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^58` \1 Srphdx dqg M1 Vhuud/ %Frqwdfwv lq udqgrp sdfnlqjv ri vskhuhv%/
M1 ri Plfu1/ yro1 46;/ ss1 4:<04;:/ 4<;81

^59` M1 Vhuud/ Lpdjh dqdo|vlv dqg pdwkhpdwlfdo pruskrorj|/ Dfdghplf
Suhvv/ Orqgrq/ 4<;51

^5:` M1 Vhuud/ %Ghvfulswruv ri �dwqhvv dqg urxjkqhvv%/ M1 ri Plfu1/ yro1 467/
ss1 55:0576/ 4<;71

^5;` M1 Vhuud/ Lpdjh dqdo|vlv dqg pdwkhpdwlfdo pruskrorj|/ sduw LL= wkhr0
uhwlfdo dgydqfhv/ M1 Vhuud hg1/ Dfdghplf Suhvv/ Orqgrq/ 4<;;1

^5<` M1 Vhuud/ %Pdwkhpdwlfdo Pruskrorj| iru Errohdq odwwlfhv%/ fkdswhu 5
lq Lpdjh Dqdo|vlv dqg Pdwkhpdwlfdo Pruskrorj|/ yro1 5/ M1 Vhuud +hg1,/
Orqgrq= Dfdg1 Suhvv/ 4<;;

^63` M1 Vhuud Fxeh/ fxeh0rfwdkhgurq ru ukrpergrghfdkhgurq dv edvhv iru
60G vkdsh ghvfulswlrqv%/ Dgydqfhv lq Ylvxdo Irup Dqdo|vlv/ F1 Dufhool
dqg Do1 +hgv1, Zruog Vflhqwl�f 4<<:/ 835084<1

^64` M1 Vhuud Pruskrorjlfdo ghvfulswlrqv xvlqj wkuhh0glphqvlrqdo zdyh0
iurqwv +wr eh suhvhqwhg dw LVV*5334>Erughdx{/ Iudqfh vhsw1 5334,

^65` S1 Vrlooh Vsdwldo glvwulexwlrqv iurp frqwrxu olqhv = dq h�flhqw phwkrg0
rorj| edvhg rq glvwdqfh wudqvirupdwlrqv/ Mrxuqdo ri Ylvxdo Frppxql0
fdwlrq dqg Lpdjh Uhsuhvhqwdwlrq 5+5,/ +4<<4,/ 46;04831

^66` S1 Vrlooh Pruskrorjlvfkh Elogyhuduehlwxqj/ Vsulqjhu/ 4<<</ 649 s1

^67` P1 Vwdxe +shuvrqqdo frppxqlfdwlrq,1

^68` S1Z1 Yhuehhn/ K1D1 Yurrpdq dqg O1M1 ydq Yolhw/ %Orz ohyho
lpdjh surfhvvlqj e| pd{0plq �owhuv%/ Vljqdo Surfhvv1/ yro1 48/ ss1 57<0
58;/ 4<;;1DVVS067+7,/ ss1 ;<;~<44/ Dxjxvw 4<;91


